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Preface 


The  impact  of  science  on  daily  life  empha- 
sizes the  need  for  an  organized  science  pro- 
gram throughout  the  elementary  grades.  A new 
subject  not  many  years  ago,  science  now  occu- 
pies an  increasingly  important  place  in  the 
curriculum.  Experienced  teachers  have  discov- 
ered that  science  is  not  mysterious.  It  is  no  more 
difficult  to  teach  than  other  subjects  long  taught 
in  the  elementary  school.  In  fact,  the  child’s 
natural  curiosity  about  the  world  in  which  he 
lives  makes  science  teaching  easy.  Motivation 
is  never  lacking  in  a properly  conducted  science 
class. 

Yet  many  teachers,  untrained  in  science,  are 
fearful  of  science  teaching.  They  suspect  (often 
rightly)  that  pupils  know  more  about  science 
than  teachers  do.  And  they  tremble  at  the 
thought  of  being  asked  a question  that  they 
cannot  answer.  These  teachers  lack  confidence 
because  they  lack  training  in  science.  The  pur- 
pose of  this  Guidebook^,  therefore,  is  to  provide 
in-service  training  in  science  teaching.  It  is  de- 
signed to  help  the  inexperienced  teacher  learn 
as  she  teaches.  Although  intended  primarily 
for  teachers  who  lack  the  background  and  ex- 
perience required  for  effective  science  teaching, 
the  Guideboo\  also  provides  much  information 


useful  to  experienced  science  teachers. 

The  discussion  of  the  philosophy  of  educa- 
tion and  the  technique  of  teaching  used 
throughout  the  Discovering  Our  World  series 
is  divided  into  three  main  sections.  The  first 
section  takes  up  the  objectives  of  science  teach- 
ing. The  second  covers  the  conditions  of  effec- 
tive learning,  the  teaching  cycle,  and  the 
organization  of  the  series.  The  third  deals  with 
general  methods  for  teaching  science  effec- 
tively. This  general  introduction  is  followed 
by  specific  suggestions  for  teaching  each  unit 
in  the  three  pupil’s  books.  Information  about 
the  care  of  animals  and  plants,  lists  of  materials 
for  the  experiments  and  observations,  addresses 
of  supply  houses  for  these  materials  and  for 
visual  aids,  and  a bibliography  are  included. 

The  usefulness  of  the  Guideboo\  will  be  ap- 
parent to  teachers  acquainted  with  the  books 
that  precede  or  follow  Discovering  Our  World 
in  the  Basic  Studies  in  Science  program.  The 
suggestions  have  come  from  years  of  experience 
of  the  authors,  their  colleagues,  and  the  teachers 
who  kindly  helped  in  shaping  the  book.  The 
authors  will  be  glad  to  receive  additional  sug- 
gestions for  making  this  Guidebook^  a more 
effective  teaching  aid. 
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PHILOSOPHY  AND  TECHNIQUE 


Why  Teach  Science ? 


Most  educators  agree  that  the  purpose  of 
education  is  to  change  the  ways  in  which  peo- 
ple think,  feel,  and  act.  In  other  words,  ed- 
ucation ought  to  modify  behavior.  A boy  or 
girl  who  has  studied  science  should  behave 
differently  from  one  who  has  not  studied  sci- 
ence. Every  science  teacher  should  therefore 
try  to  answer  this  question:  How  can  I teach 
science  so  that  it  will  become  a way  of  living, 
of  reacting  to  our  environment,  of  interpreting 
the  world  in  which  we  live?  Science  taught  in 
this  way  is  not  just  a collection  of  facts  about 
our  world.  It  is  also  a method  of  behavior 
that  can  be  used  in  daily  life. 

The  study  of  science  can  produce  desirable 
modifications  of  behavior  in  five  important 
ways.  These  ways  have  to  do  with  (1)  interest 
and  appreciation,  (2)  understanding,  (3)  atti- 
tude, (4)  thinking  ability,  and  (5)  skills. 

1.  Interest  and  appreciation . The  first  way 
of  modifying  behavior  through  science  is  by 
developing  an  interest  in  our  world  and  a 
desire  to  know  more  about  it.  With  this  in- 
terest should  come  an  appreciation  of  science 
as  a source  of  unbiased  judgment  as  well  as 
an  appreciation  of  the  methods  used  by  scien- 
tists. A prerequisite  to  this  interest  and  appre- 
ciation is  a rich  background  of  experiences 
with  the  forces,  phenomena,  processes,  mate- 
rials, and  living  things  that  make  up  the  world 
in  which  we  live.  In  this  series,  the  authors 
have  provided  this  rich  background  of  expe- 
riences. They  have  also  suggested  activities 
that  the  child  can  carry  on  to  discover  more 
about  the  world  in  which  he  lives.  A person 
who  has  acquired  this  interest  has  a never- 
ending  source  of  satisfaction. 

2.  Understanding.  The  second  way  in  which 
science  can  modify  behavior  is  through  an 
understanding  of  the  forces,  phenomena, 


processes,  materials,  and  living  things  that 
interact  to  produce  the  world  in  which  we  live. 
Perhaps  the  best  discussion  of  understanding 
is  found  in  the  Forty-fifth  Yearbook  of  the 
National  Society  for  the  Study  of  Education, 
Part  I,  The  Measurement  of  Understanding, 
University  of  Chicago  Press,  1946.  The  dis- 
cussion includes  this  statement:  “We  may  say 
that  a pupil  understands  when  he  is  able  to 
act,  feel,  or  think  intelligently  with  respect  to 
a situation.” 

A thing,  event,  or  situation  is  understood 
only  when  it  has  acquired  meaning.  There- 
fore, in  science  a major  type  of  learning  that 
leads  to  understanding  is  the  acquisition  of 
meanings.  These  meanings  are  expressed  as 
general  concepts.  By  using  general  concepts, 
we  are  able  to  carry  over  meanings  from  one 
situation  to  another.  In  other  words,  we  are 
able  to  generalize,  or  form  generalizations. 
These  generalizations,  or  general  concepts, 
provide  us  with  a method  of  explanation  and 
interpretation  for  particular  things,  events,  or 
situations. 

For  example,  to  identify  a thing  as  a mem- 
ber of  a certain  group  is  to  explain  it,  or 
give  it  meaning.  If  we  say  that  a thing  is  a 
living  thing,  we  know  in  a general  way  what 
kind  of  thing  it  is.  We  know  that  it  carries 
on  certain  activities.  We  know  this  because 
we  have  acquired  a general  concept  of  what  a 
living  thing  is.  This  general  concept,  or  gen- 
eralization, might  be  stated  as  follows:  “All 
living  things  can  move,  breathe,  use  food, 
grow,  produce  young,  and  respond  to  stimuli.” 

Understanding  implies  the  ability  to  use 
generalizations.  However,  the  ability  to  state 
a generalization  is  in  itself  no  proof  of  under- 
standing. The  only  proof  of  understanding  is 
the  ability  of  pupils  to  use  the  generalization 
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as  a method  of  behavior  in  some  real-life  situ- 
ation. In  other  words,  understanding  of  the 
generalization  must  bring  about  a change  in 
behavior.  As  a result  of  the  understanding, 
pupils  must  think,  feel,  and  act  differently 
in  new  situations. 

Many  generalizations  in  science  are  stated 
as  principles.  A principle  of  science  is  a state- 
ment that  tells  what  usually  happens  under 
certain  conditions.  It  shows  the  relation  be- 
tween conditions  and  effects.  For  example, 
“Most  materials  expand  when  heated  and  con- 
tract when  cooled”  is  a science  principle.  Ex- 
pansion and  contraction  are  the  effects,  while 
heating  and  cooling  are  the  conditions. 

There  are  three  important  ways  in  which  a 
science  principle  may  be  used  as  a method  of 
behavior:  (1)  to  explain  something  that  hap- 
pens, (2)  to  predict  what  is  likely  to  happen 
under  certain  conditions,  and  (3)  to  plan 
conditions  so  as  to  produce  certain  effects.  For 
example,  we  can  use  the  principle  of  evapora- 
tion to  explain  why  water  disappears  from  an 
open  pan,  to  predict  what  will  happen  to  plants 
if  they  do  not  receive  enough  rainfall,  and  to 
arrange  wet  clothes  so  that  they  will  dry  as 
quickly  as  possible.  An  understanding  of  the 
principle  thus  provides  us  with  a basis  of  in- 
terpretation that  can  guide  our  behavior  and 
help  us  carry  on  practical  activities. 

3.  Attitude.  The  third  way  in  which  modifi- 
cations of  behavior  can  be  brought  about 
through  science  is  by  developing  a scientific 
attitude.  A person  with  a truly  scientific  atti- 
tude has  the  following  characteristics: 

a)  He  has  an  inquiring  turn  of  mind;  he 
wants  to  know  the  what,  the  how,  and  the 
why  of  things;  he  is  observant. 

b ) He  holds  his  conclusions  subject  to  re- 
vision in  the  light  of  new  evidence  and  revises 
those  conclusions  if  the  evidence  warrants. 

c ) His  judgments  are  as  unprejudiced  and  as 
impersonal  as  possible. 

d ) He  is  careful  and  accurate  in  what  he  does. 

e)  He  is  free  from  superstition. 

/)  He  is  tolerant  toward  new  ideas  and 
suggestions. 


g)  He  plans  before  he  acts. 

h ) He  distinguishes  between  fact  and  opin- 
ion; he  is  slow  to  accept  as  facts,  statements 
that  are  not  supported  by  satisfactory  and  suffi- 
cient evidence. 

i)  He  respects  the  judgments  of  experts. 

j)  He  appreciates  the  value  of  both  the  con- 
tent and  the  method  of  science. 

A person  in  whom  a scientific  attitude  has 
been  developed  has  a distinct  method  of  react- 
ing toward  his  environment — a method  totally 
different  from  that  of  a person  with  no  under- 
standing of  scientific  values.  Therefore,  every 
available  opportunity  should  be  used  to  help 
pupils  acquire  a scientific  attitude.  Toward 
that  end,  they  should  be  encouraged  to  become 
more  observant,  to  look  at  problems  from  every 
side  before  expressing  an  opinion,  to  experi- 
ment carefully  and  accurately,  to  demand  re- 
liable sources  of  information,  to  withhold 
judgment  until  there  is  enough  evidence  to 
permit  a conclusion  to  be  drawn,  and  to  react 
intelligently  to  superstitions. 

There  are  countless  superstitions  fastened 
in  the  mind  of  the  human  race.  Most  of  us  are 
acquainted  with  people  who  firmly  believe  that 
breaking  a mirror  or  walking  under  a ladder 
will  bring  bad  luck.  Probably  no  superstition 
taken  by  itself  would  seriously  affect  the 
life  of  anyone.  Nevertheless,  superstitions  are 
symptoms  of  a very  serious  condition,  namely, 
lack  of  firm  belief  in  the  universality  of  cause 
and  effect.  This  belief  is  one  of  the  important 
contributions  of  science.  A person  who  has 
the  idea  of  cause  and  effect  cannot  possibly 
believe  in  superstitions,  astrology,  palmistry, 
numerology,  or  fortunetelling  with  cards  or 
tea  leaves.  All  these  false  notions  fall  down 
when  examined  for  a possible  cause-and-effect 
relationship.  A firm  belief  in  the  universality 
of  cause  and  effect  is  thus  an  important  aspect 
of  a scientific  attitude. 

4.  Thinking  ability.  The  fourth  way  of  modi- 
fying behavior  through  science  is  by  training 
in  the  scientific  method  of  thinking  and  work- 
ing. The  science  class  is  by  far  the  best  place 
to  teach  pupils  to  become  better  thinkers,  for 
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the  generalizations  of  science  are  themselves 
products  of  reflective  thinking.  In  the  science 
class,  it  is  possible  to  retrace,  at  least  in  part, 
the  steps  in  thinking  through  which  the  gen- 
eralizations were  reached.  By  using  a problem- 
solving approach  and  an  experimental  method 
of  attack,  we  can  set  up  certain  conditions  and 
observe  the  effects  produced.  In  the  science 
class,  pupils  are  led  to  find  problems,  make 
observations,  draw  conclusions,  verify  these 
conclusions,  and  then  apply  them  to  the  solu- 
tion of  new  but  related  problems. 

5.  Skills.  The  fifth  way  of  modifying  be- 
havior through  science  is  by  developing  certain 


skills  such  as  making  observations,  doing  ex- 
periments, interpreting  pictures  and  diagrams, 
reading  science  content  with  understanding, 
reading  source  materials,  and  using  the  instru- 
ments of  scientists.  Pupils  do  not  acquire  these 
skills  automatically.  Each  skill  must  be  care- 
fully developed  and  maintained  in  an  effective 
science  program.  The  Basic  Studies  in  Science 
program  includes  a wide  range  of  activities 
that  are  basic  to  a study  of  science.  These 
activities  are  graded  in  difficulty  so  that  each 
book  in  the  program  makes  use  of  skills  taught 
in  earlier  grades  and  increases  ability  in  their 
use. 


Learning  and  Science  Teaching 


Conditions  for  effective  learning 

Learning  is  the  process  through  which  modi- 
fications of  behavior  are  brought  about.  There- 
fore, methods  of  teaching  should  be  based  on 
the  findings  of  psychology  that  deal  with  the 
learning  process.  These  findings  may  be 
thought  of  as  principles  of  learning  that  indi- 
cate conditions  required  for  effective  learning. 
A brief  statement  of  these  principles  and  their 
application  to  methods  of  science  teaching 
follows. 

1.  Learning  is  most  lively  to  occur  when  a 
pupil  has  a definite  purpose  to  accomplish. 
Science  teaching  should  be  focused  on  an  un- 
derstanding of  the  generalizations  that  give 
meaning  to  our  world.  Somehow,  the  acquisi- 
tion of  this  understanding  must  be  made  im- 
portant to  the  pupil.  It  must  meet  some  need 
that  he  has.  Its  acquisition  must  result  in  some 
satisfaction  to  him.  In  other  words,  the  under- 
standing must  solve  some  problem  that  he 
wants  solved,  answer  some  question  that  he 
wants  answered,  or  show  him  how  to  do  some- 
thing that  he  wants  to  do. 

Application  of  this  principle  of  learning 
must  be  made  when  starting  a new  unit  or  a 


new  problem  or  when  introducing  experiments 
and  observations.  It  is  a matter  of  setting  the 
stage  for  learning.  See  pages  9-11  of  this 
Guideboo\. 

2.  Learning,  to  be  effective,  must  be  based 
on  the  experiences  that  the  pupil  has  had  or 
is  having.  This  principle  implies  that  new 
concepts  must  be  based  on  an  adequate  back- 
ground of  first-hand  experiences.  The  more 
closely  related  the  first-hand  experiences  are 
to  the  concept  that  is  being  developed,  the 
more  meaningful  to  the  pupil  the  concept  will 
be.  This  principle  of  learning  should  also  be 
applied  when  starting  a new  unit  or  problem  or 
when  performing  experiments  and  observa- 
tions. Suggestions  for  its  application  are  given 
on  pages  9-11  of  this  Guideboo\. 

3.  Activities  that  produce  some  active  re- 
sponse by  the  pupil  must  be  set  up.  In  science, 
we  are  trying  to  develop  understandings  of 
general  concepts  that  will  help  the  pupil  in  his 
adjustment  to  the  world  in  which  he  lives. 
However,  a pupil  cannot  just  learn  an  under- 
standing. The  understanding  must  be  a prod- 
uct of  his  own  thinking.  As  the  familiar  saying 
goes,  “We  can’t  learn  pupils;  we  can  only 
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teach  them.”  Therefore,  our  task  is  to  set  up 
a learning  situation  in  which  the  pupil  carries 
on  activities  focused  on  the  understanding.  The 
pupil  learns  as  he  carries  on  the  activities.  The 
understanding  that  results  is  his  own,  because 
it  is  a product  of  his  own  thinking.  What  the 
pupil  does,  not  what  the  book  or  the  teacher 
says,  determines  what  learning  will  take  place. 
The  more  actively  the  pupil  participates  in 
deciding  what  should  be  done,  the  more  pur- 
poseful the  activity  will  be,  and  the  more  likely 
the  attainment  of  the  desired  learning  becomes. 

This  Guidebook^  is  concerned  primarily  with 
the  more  effective  use  of  the  textbook.  Sugges- 
tions for  setting  up  desirable  activities  using 
text  materials  with  different  types  of  organiza- 
tions will  be  found  on  pages  11-13  of  this 
Guidebook, ;.  There  are  also  many  suggestions 
for  doing  experiments,  taking  field  trips,  etc. 
These  suggestions  will  be  found  for  the  most 
part  on  pages  11-13  of  this  Guidebook,-  A dis- 
cussion of  “Using  the  pictures  in  the  book” 
will  be  found  on  pages  14-15. 

4.  The  learning  activities  must  be  adapted 
to  the  individual  needs  of  the  pupil.  This  is 
usually  stated  as  a separate  principle  of  learn- 
ing, but  it  is  actually  a corollary  of  the  principle 
given  above.  In  order  to  produce  an  active  re- 
sponse from  different  pupils,  different  types 
of  activities  are  required.  Some  methods  of 
development  are  more  effective  than  others 
for  different  pupils.  Making  observations,  doing 
experiments,  planning  ways  to  find  out  some- 
thing, interpreting  pictures  and  diagrams,  read- 
ing science  content,  etc.,  call  for  different  types 
of  thinking  and  different  skills.  A many-angled 
approach  is  most  likely  to  provide  activities 
that  are  appropriate  for  pupils  with  different 
interests  and  abilities.  Different  types  of  activi- 
ties also  attack  concepts  from  different  direc- 
tions and  thus  result  in  greater  depth  of  under- 
standing. Therefore,  a wide  variety  of  activities 
should  be  carried  on  in  the  science  class.  Sug- 
gestions for  handling  different  types  of  activi- 
ties are  given  on  pages  9-16  of  the  Guidebook^ 
and  also  in  the  procedures  suggested  for  each 
unit. 


5.  Learning,  to  be  retained,  must  be  used. 
This  principle  of  learning  has  two  implications. 
In  the  first  place,  it  implies  that  further  activi- 
ties must  be  set  up  which  require  the  pupil  to 
use  the  concept  as  a method  of  explaining 
things  around  him  and  as  a guide  for  practical 
activities.  Only  through  use  does  the  pupil  ac- 
quire an  understanding  and  ability  to  use  this 
understanding  in  his  daily  life.  The  more 
closely  the  kind  of  activity  set  up  is  related 
to  the  kind  of  situation  met  in  daily  life,  the 
more  likely  the  learning  will  be  used  in  daily 
living. 

In  the  second  place,  the  principle  implies 
the  need  for  constant  use  of  the  concept  and 
its  reinterpretation  in  the  light  of  new  ex- 
periences. Old  concepts  must  be  constantly 
related  to  new  concepts  so  that  a continuous 
reconstruction  of  experience  can  take  place. 
This  process,  called  integration,  results  in  a 
broadening  and  deepening  of  the  pupil’s  total 
experience. 

In  the  pupil’s  book,  common  situations  in 
the  lives  of  children  are  used  to  introduce 
children  to  the  problems.  The  examples  apply- 
ing the  concepts  are  also  of  this  type.  In  this; 
way,  the  concept  is  related  to  life  itself.  Ques- 
tions that  children  usually  raise  about  the 
concepts  are  raised.  Then  the  children  are 
shown  how  to  use  the  concepts  to  answer  these 
questions  or  to  do  other  things.  The  teacher 
should  know  what  kinds  of  questions  to  ask 
children.  Various  types  of  questions  will  be 
found  in  the  discussions  of  the  different  kinds 
of  activities  on  pages  9-16  of  the  Guideboo\. 

The  teaching  cycle 

According  to  psychologists,  learning  focused 
on  understanding  must  pass  through  a definite 
cycle.  The  steps  in  learning  may  be  termed  (1) 
stimulus,  (2)  assimilation,  and  (3)  reaction. 
The  teaching  cycle,  to  be  effective,  must  par- 
allel the  method  of  thinking  used  in  the  learn- 
ing cycle.  This  method  of  developing  an  under- 
standing follows  the  method  of  thinking  used 
by  anyone  who  really  carries  on  a complete  act 
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of  thought.  It  insures  that  the  pupil  actually 
goes  through  the  steps  in  the  learning  cycle. 
This  is  done  by  setting  up  appropriate  activi- 
ties in  each  step  of  the  teaching  cycle. 

1.  Stimulus,  or  raising  questions  and  prob- 
lems. Effective  learning  starts  with  a stimulus. 
In  science,  the  stimulus  must  raise  a question 
or  problem,  because  an  understanding  is  ob- 
tained only  through  thinking.  To  raise  a ques- 
tion or  problem,  the  situation  must  be  mean- 
ingful to  the  pupil;  that  is,  it  must  be  connected 
with  some  experience  he  has  had  or  is  having. 
The  situation  must  also  be  concrete  and  in- 
teresting enough  to  challenge  the  pupil  to  find 
an  answer  or  solution.  Answering  the  question 
or  solving  the  problem  is  the  purpose  in  the 
pupil’s  mind.  Ways  of  raising  questions  and 
problems  are  discussed  under  “Introducing  a 
new  unit  or  problem,”  page  9 of  the  Guideboo\. 

2.  Assimilation,  or  experience  getting.  This 
step  is  a search  for  facts  needed  to  answer  the 
question  or  solve  the  problem.  Pupils  make 
observations,  do  experiments,  take  field  trips, 
use  visual  aids,  interview  people,  refer  to  their 
textbooks  and  other  books,  etc.  In  short,  pupils 
go  to  any  source  of  information  that  will  pro- 
vide them  with  facts  needed  in  their  thinking. 
Suggestions  for  carrying  on  the  various  activi- 
ties of  experience  getting  are  given  on  pages 
9-16  of  the  Guideboo\. 

The  facts  gathered  by  the  pupil  are  specific, 
because  they  have  come  from  specific  experi- 
ences. However,  specific  facts  are  useful  only 
in  identical  situations.  To  be  useful  in  other 
situations,  the  specific  facts  must  be  brought 
together  in  a generalization.  Therefore,  activi- 
ties that  get  the  pupil  to  generalize  must  be 
set  up.  As  the  pupil  reacts  to  these  activities, 
he  should  begin  to  see  how  the  specific  facts 
are  related.  Finally,  he  catches  the  idea  and 
forms  the  generalization.  If  left  at  this  point 
(and  many  teachers  allow  this  to  happen),  he 
has  not  attained  a real  understanding  of  the 
generalization.  There  should  follow  a period 
of  teacher-pupil  activity  in  which  the  teacher 
shows  (1)  flow  to  use  the  generalization,  (2) 
where  it  is  used,  and  (3)  when  it  is  used.  At 


the  conclusion  of  this  step,  the  pupil  should 
have  a clear  understanding  of  the  generaliza- 
tion and  be  ready  to  use  it  in  related  problem- 
atic situations. 

3.  Reaction,  or  using  the  generalization . 
Practice  in  the  use  of  the  new  understanding 
must  now  be  provided.  There  should  be  many 
situations  in  which  the  pupil  can  use  the  gen- 
eralization to  explain,  predict,  and  plan.  The 
greater  the  number  of  these  situations,  the 
more  likely  that  the  generalization  will  be 
used  in  the  pupil’s  daily  life.  The  questions 
at  the  ends  of  problems  and  units  help  provide 
these  situations.  As  a result  of  this  step,  the 
pupil  arrives  at  a point  of  functional  under- 
standing. He  can  now  use  his  understanding 
in  situations  appropriate  to  his  level  of  devel- 
opment. In  other  words,  he  has  arrived  at  a 
point  of  intelligent  behavior. 

Organization  of  this  series 

The  Discovering  Our  World  series  is  the 
result  of  a definite  demand  from  teachers  for 
a well-balanced,  organized  course  in  science, 
focused  on  acquiring  meanings  that  will  func- 
tion in  intelligent  living.  It  is  not  just  a collec- 
tion of  facts  about  bees,  butterflies,  and  beavers. 
Interesting  though  these  facts  may  be,  they  are 
not  sufficiently  general  in  their  meaning  to  pro- 
vide a basis  for  explaining  the  world  or  for 
solving  our  everyday  problems. 

In  this  series,  the  content  is  definitely  focused 
on  the  acquisition  of  general  concepts.  These 
general  concepts  are  developed  through  a prob- 
lem-solving method  of  attack.  Problems,  or 
questions,  arise  from,  and  thinking  starts  with, 
doubt  or  perplexity.  A person  has  something 
to  do  or  something  that  he  wants  explained; 
but  he  does  not  know  how  to  do  it  or  how  to 
explain  away  his  perplexity.  This  starts  his 
mind  searching  for  a way  out  of  his  difficulty. 
In  other  words,  he  begins  to  think.  The  pattern 
of  effective  thinking  is  usually  as  follows: 

1.  Recognizing  the  problem  to  be  solved. 

2.  Recalling  experiences  that  may  help  to 
solve  the  problem. 
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3.  Searching  for  new  facts  that  may  bear  on 
the  problem. 

4.  Evaluating  the  suggestions  that  come  to 
mind  and  selecting  the  one  that  appears  most 
promising. 

5.  Testing  the  suggestion  for  its  truth. 

6.  Drawing  a conclusion  and  then  testing  it 
for  truth  in  other  situations. 

To  help  the  pupil  do  better  thinking,  study 
materials  should  be  organized  and  concepts 
developed  so  that  they  follow  the  pattern  of 
effective  thinking.  For  this  reason,  the  prob- 
lem-solving method  of  attack  is  used  through- 
out the  series.  Every  unit  deals  with  a major 
problem  of  the  world  in  which  we  live.  A 
glance  at  the  tables  of  contents  in  the  three 
pupil’s  books  will  show  how  each  unit  is  then 
divided  into  minor  problems.  Notice  that  both 
the  major  problem  of  the  unit  and  its  minor 
problems  are  stated  as  questions.  To  solve  the 
major  problem,  the  pupil  must  think  his  way 
through  several  minor  problems.  As  he  acquires 
an  understanding  of  the  concepts  in  each 
minor  problem,  he  is  gradually  building  an 
understanding  of  the  major  problem.  Thus  the 
solution  of  each  minor  problem  leads  toward, 
and  is  essential  to,  the  solution  of  the  major, 
or  unit,  problem. 


Each  new  idea  in  Discovering  Our  World  is 
presented  in  such  a manner  that  it  becomes 
a problem  for  the  child  to  solve.  The  text  says 
to  the  young  learner,  “You  have  seen  this  hap- 
pen, or  you  have  had  that  happen  to  you.  Now 
let’s  see  if  we  can  find  out  why  it  happened. 
First  of  all,  just  what  did  happen,  and  what 
were  the  conditions  under  which  it  happened?” 
This  is  no  didactic,  passive  approach  to  learn- 
ing. It  is  a pupil-activity,  problem-solving  ap- 
proach: “Let’s  do  something  to  see  what  we 
can  find  out  in  answer  to  our  question.”  That 
is  the  spirit  and  the  method  of  presenting  and 
developing  new  ideas  in  the  Discovering  Our 
World  series. 

This  treatment  of  science  principles  leads  the 
child  inductively,  by  experiments  and  observa- 
tions, toward  the  acquisition  and  understand- 
ing of  the  principles.  At  every  step,  the  spirit 
of  problem  solving,  the  spirit  of  discovery,  is 
maintained.  The  organization,  pictures,  experi- 
ments, observations,  exercises,  and  activities  in 
the  books  of  this  series  are  focused  on  two  ob- 
jectives: (1)  the  development  of  concepts 
and  (2)  the  development  of  better  methods  of 
thinking.  This  focus  is  maintained  by  a teach- 
ing technique  based  on  problem  solving.  A 
child  cannot  memorize  his  way  through  these 
books;  he  must  thin\  his  way  through  them. 


How  to  Use  the  Books  in  This  Series 


Fitting  the  boo\s  to  local  conditions 

The  pupil’s  books  include  enough  material 
for  those  schools  where  full  time  is  allowed  for 
science  as  an  established  part  of  the  curriculum. 
In  such  schools,  the  pupils  probably  will  cover 
all  of  the  units,  including  the  questions  and  ac- 
tivities suggested.  They  may  further  enrich  the 
science  course  by  doing  outside  reading  and 
engaging  in  additional  activities  according  to 
their  own  interests. 


In  many  school  systems,  science  is  introduced 
in  the  first  grade.  Children  will,  therefore,  have 
many  concepts  that  contribute  to  the  under- 
standing of  the  concepts  presented  in  the  text. 
To  assist  teachers  in  discovering  this  back- 
ground, the  authors  have  listed  at  the  beginning 
of  each  unit,  the  background  units  found  in  the 
earlier  books  of  the  Basic  Studies  in  Science 
program.  Reference  to  these  books  will  give 
teachers  an  idea  of  the  experiences  on  which 
they  can  build  the  new  concepts.  Teachers  are 
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urged  to  become  familiar  with  the  concepts 
taught  in  preceding  grades.  In  many  cases,  re- 
calling these  earlier  experiences  will  bring 
about  a decided  saving  in  time.  Furthermore,  it 
will  help  pupils  reinterpret  these  earlier  experi- 
ences in  the  light  of  the  more  comprehensive 
concepts  presented  in  the  later  grades. 

In  schools  where  time  is  limited,  it  may  be 
necessary  to  shorten  the  course  somewhat.  This 
can  best  be  done  by  covering  some  units  rapidly, 
without  stopping  for  detailed  development, 
while  others  may  be  more  carefully  developed 
with  all  the  suggested  activities  carried  out. 
However,  it  is  not  wise  to  omit  units  or  parts 
of  units.  A unit  that  is  unrelated  to  others 
within  a book  may  be  necessary  for  the  under- 
standing of  concepts  presented  in  later  books. 
For  example,  in  Book  One  the  unit  on  magnets 
(Unit  6)  is  not  related  to  other  units  of  Book 
One.  But  an  understanding  of  magnets  is  pre- 
supposed in  the  unit  on  energy  (Unit  2)  in 
Book  Two  and  in  the  unit  on  electric  current 
(Unit  5)  in  Book  Three.  The  section  “Science 
background”  given  in  the  Guideboo\  for  each 
unit  shows  the  interrelationships  of  the  units 
in  the  series.  The  series  has  been  carefully 
planned  as  part  of  an  organized  program  in 
science  and  is  most  satisfactorily  used  as  such. 

General  suggestions  for  teaching  the 
units 

Many  teachers  have  had  little  or  no  experi- 
ence in  teaching  science.  Yet  science  is  not 
difficult  to  teach.  First  of  all,  children  are  vitally 
interested  in  science.  This,  of  course,  means  that 
half  the  battle  is  won.  The  method  used  in 
teaching  science  is  not  greatly  different  from 
that  used  in  other  subjects  where  understand- 
ing of  certain  concepts  is  the  goal.  However, 
science  teaching  makes  greater  use  of  observa- 
tions, field  trips,  and  experiments  than  is  or- 
dinarily made  in  other  subjects.  The  science 
activities  in  the  middle  grades  are  very  simple. 
The  equipment  consists  of  easily  available  ma- 
terials. The  directions  given  in  the  text,  together 
with  pictures  that  show  the  materials  used  and 


how  they  are  put  together,  are  so  detailed  that 
a teacher  who  knows  little  or  nothing  about 
science  will  have  no  difficulty  in  doing  the  ex- 
periments or  carrying  out  the  other  activities. 

Needless  to  say,  the  ideal  learning  situation 
is  one  in  which  the  teacher  enlists  the  active 
cooperation  of  her  pupils  in  planning  and  car- 
rying out  the  activities  of  the  various  units.  The 
following  general  suggestions  will  be  helpful 
in  achieving  this  ideal  situation.  (Specific  sug- 
gestions for  teaching  each  problem  in  the  three 
books  are  given  following  this  section. 

1.  Interest  pupils  in  an  active  program  of 
observing  and  collecting  as  much  material  as 
possible  from  their  surroundings. 

2.  Encourage  boys  and  girls  to  suggest  addi- 
tional experiments,  field  trips,  and  observations. 

In  this  section  of  the  Guideboo\,  the  authors 
have  set  up  general  principles  for  using  the 
book  and  for  carrying  out  the  types  of  activities 
suggested  in  the  book.  These  general  principles 
should  be  applied  in  teaching  specific  units. 
Once  a teacher  understands  the  general  prin- 
ciples and  sees  how  they  are  applied  in  concrete 
situations,  she  will  soon  gain  skill  in  applying 
the  principles  in  new  lessons.  Of  course,  many 
teachers  do  not  need  a discussion  of  this  type. 
This  section  is  written  especially  for  those 
teachers  who  are  a little  uneasy  about  their 
ability  to  teach  science. 

Preparing  to  teach 

Since  every  unit  of  this  series  is  organized 
around  a closely  knit  group  of  science  experi- 
ences, the  teacher  should  see  each  unit  as  a 
whole  before  starting  to  teach  it.  The  teaching 
suggestions  for  each  unit  provide  for  orienta- 
tion in  three  different  ways: 

1.  At  the  beginning  of  the  teaching  sugges- 
tions for  each  unit  is  a section  called  “Purpose 
and  scope.”  This  indicates  the  content  of  the 
unit,  its  extent,  its  relation  to  other  units  in  the 
series,  and  its  social  as  well  as  scientific  im- 
plications. 

2.  Following  “Purpose  and  scope”  is  another 
section  called  “Science  background.”  No  child 
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will  be  completely  without  science  background 
when  he  begins  the  study  of  a new  unit.  Even  if 
he  has  had  no  previous  encounter  with  formal 
science  courses,  his  own  experiences  at  the  ob- 
servational level  will  provide  much  material 
from  which  the  teacher  can  draw. 

If  the  child  has  had  the  previous  experience 
of  using  the  primary  science  books  of  the  Basic 
Studies  in  Science  program  that  precede  Dis- 
covering Our  World,  he  will  have  a consider- 
able background  on  which  the  teacher  may 
draw  in  starting  a new  unit.  In  this  section  are 
listed  any  earlier  units  in  those  books  that  fur- 
nish background  for  the  unit. 

3.  After  “Science  background”  comes  a 
section  called  “General  concepts.”  This  section 
lists  the  big  ideas  to  be  learned  from  a study 
of  the  unit.  The  subsidiary  concepts  necessary 
for  the  development  of  these  larger  concepts 
are  listed  at  the  beginning  of  the  problem  in 
which  they  are  developed. 

This  list  will  be  of  value  to  the  teacher  in 
two  ways:  (1)  It  will  give  her  a clear  picture 
of  the  learning  objectives  of  the  unit  and  will 
thus  help  her  keep  her  teaching  focused  on 
these  objectives.  (2)  It  will  aid  her  in  preparing 
test  materials  to  check  her  pupils’  comprehen- 
sion of  the  important  ideas  developed  in  the 
text. 

With  the  Guideboo\  open  to  these  lists  of 
concepts,  the  teacher  should  read  through  the 
entire  unit  and  again  through  each  problem 
before  presenting  it.  There  will  thus  be  de- 
veloped a clear  idea  of  the  scope  of  the  unit 
and  of  the  contributions  that  the  concepts  in 
each  problem  make  to  the  unit  as  a whole,  as 
well  as  a clear  picture  of  the  relation  of  the 
experiments,  observations,  and  other  activities 
to  the  development  of  the  concepts.  This  will 
permit  planning  ahead  for  time  and  materials 
when  these  are  necessary.  Specific  directions 
for  planning  ahead  will  be  found  in  the  sec- 
tions called  “Procedure”  in  the  suggestions  for 
teaching  each  problem. 

During  the  preparation  for  teaching  the  unit, 
the  teacher  should  look  ahead  to  the  additional 
activities  suggested  in  the  “Things  to  Do” 


sections  at  the  ends  of  the  units.  Some  of  the 
activities  are  related  to  the  unit  as  a whole. 
Others  pertain  to  certain  problems  and  are  re- 
ferred to  in  the  procedure  for  the  problem.  It 
is  better  to  use  these  activities  throughout  the 
unit  rather  than  to  wait  until  the  unit  has  been 
completed.  The  teacher  should  look  ahead  and 
plan  for  the  ones  that  she  can  use. 

Next,  the  teacher  must  find  out  what  ex- 
periences the  children  have  had  that  can  be 
explained  by  the  concept.  By  questioning  the 
class,  the  teacher  should  be  able  to  discover 
just  how  far  the  pupils  have  advanced  toward 
an  understanding  of  the  concept.  However,  if 
they  have  had  no  appropriate  experiences,  the 
concept  cannot  be  taught  until  such  experiences 
have  been  acquired.  An  experiment,  observa- 
tion, or  field  trip  will  often  provide  the  needed 
experiences. 

Because  of  the  limited  science  training  of 
many  elementary  teachers,  the  authors  have 
included  some  of  the  technical  science  back- 
ground behind  the  elementary  presentation  of 
the  text.  This  will  be  found  in  the  sections 
entitled  “Information  for  the  teacher”  given 
for  most  of  the  problems.  Teachers  should  also 
consult  standard  high-school  texts  in  biology 
and  general  science.  These  will  give  the  de- 
sired information  without  going  into  needless 
technical  detail.  They  will  also  give  some  addi- 
tional background  as  a preparation  for  teaching 
the  unit. 

General  procedures 

Introducing  a new  unit  or  problem 

The  first  teaching  situation  met  in  a new  unit 
is  getting  started.  As  pointed  out  earlier  in  this 
Guidebook learning  starts  with  a stimulus. 
This  stimulus  must  make  the  pupil  think.  To 
do  this,  it  must  raise  some  problem  that  he 
wants  to  solve.  Problems  arise  when  a person 
is  in  doubt.  No  concrete  problem  can  arise, 
however,  unless  it  is  related  to  some  past  or 
present  experience.  This  is  true  because  the 
meanings  that  we  have  are  the  results  of  our 
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experiences.  Without  experiences  to  give  us 
meanings,  we  cannot  have  problems  because  we 
do  not  know  enough.  We  can  only  be  confused. 
We  cannot  put  our  finger  precisely  on  the 
perplexity,  and  so  we  cannot  start  to  think. 

To  introduce  a unit,  therefore,  the  teacher 
must  relate  the  unit  to  experiences  that  the 
pupils  have  had  or  are  having.  There  are  vari- 
ous methods  in  which  a new  unit  can  be 
started.  It  is,  of  course,  possible  and  often  de- 
sirable to  use  several  or  even  all  of  these  meth- 
ods to  raise  problems  in  the  pupils’  minds. 
Each  method  provides  a different  approach  to 
the  unit,  and  different  approaches  appeal  to 
different  pupils.  Observation  of  classroom 
teaching  usually  shows  that  not  enough  time 
is  spent  in  raising  problems  before  the  pupils 
begin  their  study  of  the  unit.  At  least  one  full 
class  period  should  be  used  for  this  purpose. 
If  this  procedure  is  followed,  the  problem  titles 
in  the  unit  should  be  meaningful  and  chal- 
lenging to  the  pupils.  Here  are  some  of  the 
methods  by  which  a unit  can  be  introduced. 
Most  of  these  methods  can  also  be  used  to  start 
new  problems  within  the  unit. 

1.  As\  questions  about  the  pupils’  experi- 
ences that  may  be  related  to  the  unit.  This 
method  provides  an  inventory  of  past  experi- 
ences and  is  thus,  in  effect,  a pretest.  To  use 
this  method,  first  make  a list  (for  your  own  use 
only)  of  what  the  pupils  probably  have  seen, 
done,  heard,  or  read  about.  Then  ask  the  pupils 

such  questions  as:  “Did  you  ever  see ? What 

did  it  look  like?  Did  you  ever  make  a ? 

Have  you  ever  heard  about ? Did  you  ever 

watch  someone  ?”  The  purpose  of  these 

questions  is  to  get  some  facts  from  the  pupils’ 
past  experiences.  The  questions  will  also  bring 
to  light  experiences  that  the  pupils  would  never 
voluntarily  recall  because  they  would  not  see 
the  relation  of  the  experiences  to  the  unit. 

Now  the  teacher  should  ask  questions  about 
the  how  and  why  of  the  pupils’  experiences: 
“How  do  you  explain  this?  What  made  this 
happen  ? Why  did  you  do  it  in  this  way  ?”  Ques- 
tions such  as  these  push  the  pupils  farther  and 
farther  back  until  they  can  no  longer  make 


explanations.  Any  questions  that  cannot  be 
answered  should  be  written  on  the  board  under 
the  heading  Questions  We  Cannot  Answer. 

During  this  questioning,  the  teacher  should 
bear  in  mind  that  the  purpose  is  not  to  get 
correct  answers.  It  is  to  find  out  what  the 
pupils  know  and  how  they  think.  Another  pur- 
pose is  to  get  the  pupils  to  ask  questions  of 
their  own.  Therefore,  the  teacher  should  not 
indicate  which  answers  are  correct  or  incorrect. 
Whether  they  are  correct  or  not  will  develop 
during  the  study  of  the  unit.  The  teacher 
should  try  to  keep  the  discussion  moving  and 
to  obtain  contributions  from  as  many  pupils 
as  possible.  After  one  pupil  has  given  his  an- 
swer, the  teacher  should  turn  to  another  pupil 
and  ask,  “What  do  you  think?”  or  “Do  you 
know  of  other  examples  or  reasons?”  Bright 
pupils  who  have  read  or  observed  widely  may 
have  to  be  kept  quiet  while  others  talk.  As  the 
discussion  progresses,  the  main  points  of  the 
pupils’  answers  may  be  recorded  on  the  board. 

2.  Compare  experiences  of  pupils  with  ex- 
periences presented  in  the  text.  The  introduc- 
tory sections  of  some  units  present  experiences 
that  are  used  to  raise  questions.  If  children  have 
had  similar  experiences,  ask  questions  about 
them.  Have  the  children  tell  how  they  did  a 
certain  thing  or  describe  something  they  have 
seen.  If  a series  of  steps  is  involved,  write  them 
on  the  board. 

Then  refer  children  to  the  book  and  say, 
“Here  is  a story  that  tells  you  how  someone 
else  did  this.”  Have  pupils  read  to  find  out 
what  was  done.  Tell  them  you  are  going  to 
ask  them  to  tell  the  class,  step  by  step,  what 
was  done.  Write  these  steps  on  the  board. 
Then  have  pupils  compare  these  steps  with  the 
steps  that  they  have  listed.  Then  ask  for  reasons 
for  the  various  steps.  This  should  result  in 
questions  that  the  pupils  cannot  answer. 

3.  Use  pictures  to  start  discussion  of  the  unit. 
Have  pupils  read  the  unit  title.  Then  ask  ques- 
tions about  pictures  in  the  unit  that  will  lead 
into  the  first  problem. 

4.  Have  pupils  read  the  unit  title.  Then  ask 
them  to  read  the  problem  titles  to  find  out 
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what  kinds  of  questions  are  to  be  answered. 
Write  the  problem  titles  on  the  board  and  ask 
pupils  what  they  think  the  answer  to  each  one 
is.  This  procedure  will  help  create  interest  in 
the  unit  and  at  the  same  time  will  give  an  idea 
of  the  scope  of  the  unit;  it  may  be  used  with 
almost  any  unit. 

5.  Use  the  introductory  section  to  initiate 
activities  that  will  result  in  a question.  In  some 
of  the  units,  the  introductory  section  sets  up 
activities  that  will  raise  questions.  The  text  de- 
scribes how  a class  went  about  finding  an  an- 
swer to  a question.  First,  have  pupils  read  the 
unit  title.  Then  tell  them  that  the  introductory 
section  tells  what  one  class  did  to  get  started. 
Have  them  read  the  section  to  find  out  what 
this  class  did.  Next,  ask  questions  about  what 
this  class  did.  Then  have  the  pupils  plan  how 
they  can  carry  on  the  same  activity.  After  the 
materials  have  been  brought  in,  raise  the  ques- 
tions to  be  answered  in  the  first  problem.  The 
pupils  should  now  be  asked  to  tell  what  they 
think  should  be  done  to  answer  the  question. 
Then  compare  this  solution  with  the  method 
suggested  in  the  text. 

6.  Do  some  experiments.  These  can  be  ex- 
periments in  the  book  or  not  in  the  book.  The 
purpose  is  to  raise  some  questions,  that  is,  to 
get  some  facts  that  require  explanation.  Have 
the  pupils  tell  what  was  done  in  the  experi- 
ment and  what  happened.  Write  this  informa- 
tion on  the  board.  Then  call  for  explanations 
of  the  facts  brought  out  by  the  experiment. 
Make  a list  of  questions  about  facts  that  cannot 
be  explained. 

7.  Have  the  pupils  ma\e  some  observations. 
Whenever  possible,  pupils  should  get  facts  by 
first-hand  observation.  These  facts  will  require 
explanations.  Ask  pupils  to  collect  and  bring 
to  class  specimens  of  materials  and  living 
things.  Have  the  pupils  examine  the  specimens 
and  look  for  likenesses  and  differences. 

8.  Ta\e  a field  trip.  Another  way  to  provide 
opportunities  for  first-hand  observation  is 
through  field  trips.  To  find  out  what  to  observe 
and  what  questions  to  ask,  read  the  unit  and 
study  the  pictures  and  legends  in  the  unit. 


Make  a list  of  the  things  that  can  be  seen  and 
the  questions  that  you  can  ask  about  them. 
Then  take  the  pupils  on  the  trip  and  have  them 
make  their  observations.  When  they  return  to 
class,  ask  questions  that  bring  out  the  facts 
obtained  and  call  for  explanations  of  these 
facts.  As  before,  make  a list  of  questions  about 
facts  that  cannot  be  explained. 

Using  the  text  to  get  ideas  needed  to  answer 
questions 

In  general,  the  text  uses  three  methods  of 
organizing  the  study  material:  (1)  It  may  tell 
how  one  class  answered  the  question.  (2)  It 
may  answer  the  question  by  telling  the  pupils 
how  to  carry  on  certain  activities.  (3)  It  may 
answer  the  question  by  straight  exposition. 
The  method  of  using  the  text  will  necessarily 
vary  with  the  method  of  presentation  used  in 
the  text. 

1.  The  text  presents  a class  discussion.  In 
this  type  of  presentation,  the  text  presents  a 
running  account  of  a classroom  discussion.  This 
method  is  used  principally  in  the  opening  unit 
of  the  book  to  show  how  a science  class  might 
be  conducted.  The  teacher  asks  and  answers 
questions;  pupils  answer  questions  and  ask 
questions;  the  teacher  guides  the  discussion 
toward  an  understanding  of  the  concepts  that 
she  is  trying  to  get  across  by  her  questions  and 
her  follow-up  of  the  pupils’  answers.  This  type 
of  presentation  has  several  purposes. 

First,  it  presents  a pattern  for  carrying  on  a 
discussion  in  a science  class.  Teachers  who 
have  had  no  experience  in  teaching  science  will 
find  it  profitable  to  read  through  several  les- 
sons of  this  type  to  get  a better  idea  of  the 
kinds  of  questions  asked  by  the  teacher  to  keep 
the  discussion  going  and  the  ways  in  which 
the  pupils  are  brought  into  the  discussion. 
Note  that  the  pupils  are  asked  to  suggest  ways 
of  doing  things  and  that  these  ways  are  dis- 
cussed and  evaluated  by  the  pupils. 

Second,  the  children,  as  well  as  the  teacher, 
must  learn  to  participate  in  a discussion. 
Unit  1 in  each  book  is  developed  by  this 
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method  so  that  pupils  may  be  introduced  to 
the  type  of  thinking  that  goes  on  in  a science 
class.  The  teacher  might  well  say,  “The  class 
described  in  our  text  is  carrying  on  a discus- 
sion. Let’s  see  how  they  do  this  so  that  we’ll 
learn  how  to  discuss,  too.” 

Third,  presentation  of  this  type  adds  interest 
to  the  text  because  children  are  interested  in 
what  other  children  do.  They  are  also  inter- 
ested in  carrying  on  the  types  of  activities  sug- 
gested in  the  text. 

Fourth,  this  type  of  presentation  permits  a 
slow  and  easy  development  of  the  concepts. 
Each  step  in  the  development  of  the  concept 
is  included.  The  children  can  easily  follow  the 
thinking  of  the  class  and  see  how  the  class 
arrived  at  the  concept.  There  are  several  meth- 
ods of  using  this  type  of  material;  the  method 
to  be  used  depends  on  the  way  in  which  the 
material  is  developed  and  the  purpose. 

a)  The  purpose  is  to  initiate  an  activity  in 
the  class.  To  do  this,  the  text  describes  what 
one  class  did.  For  example,  let  us  suppose  that 
pupils  have  brought  various  kinds  of  things 
to  school.  The  teacher  raises  a question,  “How 
can  we  find  out  more  about  these  things?  Let 
us  see  what  the  class  in  our  text  did.”  After 
the  pupils  have  read  the  text  to  find  out  what 
the  class  did,  the  teacher  asks  questions  such 
as:  “What  was  the  class  trying  to  find  out? 
What  did  they  do  to  answer  the  question? 
Why  did  they  decide  to  do  this?  Could  we  do 
this?  How  could  we  do  this?” 

As  can  be  seen  from  the  questions,  the  major 
purpose  is  to  show  the  pupils  what  they  can  do. 
The  suggested  activity  should  be  carried  on 
whenever  possible.  While  it  may  be  possible 
to  get  an  understanding  merely  by  reading  and 
discussing  the  text,  there  is  no  substitute  for 
actual  experience.  Note  that  the  questions  asked 
by  the  teacher  call  for  more  than  repeating 
what  the  text  says.  They  raise  questions  about 
the  “how”  and  the  “why”  of  the  activity. 

b ) Sometimes  it  is  better  to  raise  a question 
and  either  suggest  or  have  the  pupils  suggest 
what  they  might  do  to  answer  it.  Then  have 
the  pupils  go  as  far  as  they  can  in  answering 


the  question.  The  children  can  then  be  referred 
to  the  text  to  find  out  if  the  class  described 
answered  the  question  in  the  same  way  or  in  a 
different  way.  Then  have  the  children  find  the 
ways  in  which  their  answer  was  like  or  differ- 
ent from  what  the  class  in  the  text  found. 

c )  As  a rule,  pictures  are  included  that 
show  how  the  class  described  carried  on  the 
activity  or  that  show  the  finished  product  of 
their  activity.  Before  the  pupils  read  the  text, 
the  teacher  asks  questions  such  as:  “What  is 
the  class  doing?  Why  are  they  doing  this? 
Can  we  do  this?  How  did  they  do  this?”  Re- 
discussion of  the  pictures  on  the  basis  of  what 
the  pupils  find  out  can  follow. 

2.  The  concepts  are  developed  by  raising 
questions  and  answering  these  questions  by 
ma\ing  observations  and  doing  experiments. 
Science  differs  from  the  other  subjects  studied 
in  the  elementary  school  in  that  the  questions 
which  arise  can  be  answered  by  observation 
and  experiment.  Through  the  use  of  these  two 
activities,  the  pupils  can  get  first-hand  informa- 
tion. They  can  then  base  their  thinking  on  facts 
that  are  meaningful  to  them.  Throughout  this 
book,  experiments  and  observations  have  been 
introduced  wherever  possible.  This  has  been 
done  for  two  reasons:  (1)  because  all  learning 
focused  on  understanding  must  be  based  on  a 
background  of  perceptual  experiences,  that  is, 
on  information  that  the  pupil  can  get  with  his 
own  senses;  and  (2)  because  pupils  should  ac- 
quire the  attitude,  “If  we  have  questions  or 
want  to  find  out  about  something,  we  can  do 
experiments  (or  make  observations)  that  will 
answer  our  questions.” 

Experiments  and  observations  are  intro- 
duced in  this  book  to  provide  facts  that  are 
needed  to  answer  some  questions.  A statement 
in  the  text  is  made  more  meaningful  by  doing 
an  experiment  or  making  an  observation.  Or 
the  experiment  is  done  or  the  observation  made 
to  answer  a question  that  has  been  raised  in 
the  text  just  preceding  the  experiment.  It  is  a 
good  plan  to  choose  a committee  of  several 
boys  and  girls  to  be  responsible  for  materials 
needed  to  perform  the  experiments  given  in 
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the  book.  It  might  be  called  the  “experiment 
committee”  and  should  be  changed  in  person- 
nel from  time  to  time  so  that  many  children 
can  participate  in  this  responsibility. 

Before  the  text  is  read,  the  teacher  should 
(1)  raise  questions  about  past  experiences  of 
pupils  such  as  were  suggested  in  the  section 
dealing  with  introducing  a new  unit  and  (2) 
raise  the  question  that  the  experiment  or  obser- 
vation is  to  answer.  Then  ask  the  children, 
“How  can  we  do  an  experiment  to  find  out?” 
(It  is  always  good  practice  to  have  children 
suggest  possible  ways  of  doing  an  experiment. 
Many  of  them  may  be  good  enough  to  try.) 

Now  that  the  question  is  raised,  the  chil- 
dren can  be  referred  to  the  book  for  directions. 
The  teacher  can  say,  “Our  book  tells  us  how 
to  do  an  experiment  to  answer  our  question. 
After  you  read  the  directions,  I am  going  to 
ask  you  to  decide  what  to  do.”  Write  What  to 
do  on  the  board  and  then  have  the  children 
tell  what  directions  to  write. 

Make  the  directions  as  brief  as  possible.  If 
a simple  diagram  can  be  made,  have  pupils 
tell  how  to  make  the  drawing.  If  they  do  not 
know,  show  them.  This  is  valuable  because 
pupils  have  to  learn  how  to  interpret  diagrams. 
Practice  in  making  diagrams  will  help  them 
learn  how  to  interpret  diagrams. 

Now  ask  the  pupils  what  they  think  will 
happen.  Get  them  to  predict.  This  is  effective 
because  (1)  you  can  ascertain  from  their  an- 
swers whether  or  not  they  understand  what  is 
going  to  be  done;  (2)  you  can  see  if  they  know 
what  to  look  for;  (3)  you  can  make  them  com- 
mit themselves  and  make  them  interested  in 
finding  out  whether  their  prediction  is  right  or 
wrong. 

Next,  get  them  to  understand  what  the  ex- 
periment will  show  if  a certain  thing  happens. 

Ask  them,  “If happens,  what  will  this 

show?”  Then  do  the  experiment.  Write  on  the 
board  What  happens.  Have  the  children  decide 
what  to  write.  Then  raise  the  question,  “What 
does  this  seem  to  show?”  Write  What  the  ex- 
periment shows  on  the  board.  Have  the  children 
tell  what  to  write. 


Whenever  possible,  the  step  of  verification 
should  be  used.  Ask,  “What  experiment  can  we 
do  to  find  out  if  we  are  right?”  In  many 
cases,  such  an  experiment  is  included  in  the 
text.  If  this  is  the  case,  have  the  children  read 
the  experiment  and  record  the  results  under  the 
steps  already  listed.  Then  have  the  children 
work  out  a conclusion.  The  conclusion  should 
answer  the  question  and  give  reasons  for  the 
answer. 

After  all  of  the  experiments  have  been  per- 
formed, raise  the  questions,  “What  facts  do  our 
experiments  give  us  that  we  can  use  to  answer 
our  question?  What  facts  does  the  book  give 
us?”  The  facts  from  both  sources  should  be 
incorporated  into  the  answer  for  the  problem. 

3.  Concepts  are  developed  by  raising  ques- 
tions and  answering  these  questions  through 
presentation  of  reading  material  of  a descrip- 
tive nature.  Whenever  possible,  experiments 
and  observations  are  used  to  develop  the  science 
concepts.  Sometimes,  however,  it  is  impossible 
to  provide  experiments  that  are  sufficiently  sim- 
ple to  be  carried  on  by  middle-grade  children 
or  that  do  not  require  laboratory  facilities 
beyond  the  resources  of  the  elementary  school. 
It  is  equally  impossible  to  provide  for  actual 
observation  of  all  living  things  in  their  natural 
habitats.  Accordingly,  the  text  must  provide 
factual  material  based  on  the  observations  of 
scientists.  It  should  be  emphasized  that  the  facts 
have  been  acquired  by  experimentation  and 
observation.  This  point  of  view  can  be  devel- 
oped by  asking  such  questions  as:  “How  do 
you  suppose  that  scientists  found  out  about 
this?  What  might  we  do  to  test  this?  Why 
can  we  believe  that  this  is  true?” 

The  method  of  developing  the  concepts,  of 
course,  depends  on  the  kinds  of  concepts  that 
are  being  developed.  For  example,  if  the  con- 
tent is  focused  on  showing  the  children  how 
some  device  works,  the  development  will  be 
somewhat  as  follows:  (1)  what  the  device  does, 
(2)  how  it  is  put  together,  (3)  how  it  is  made 
to  work,  and  (4)  an  explanation  of  what  hap- 
pens when  the  device  is  operated.  If  the  content 
is  focused  on  the  development  of  the  charac- 
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teristics  of  a group  of  living  things,  materials, 
etc.,  various  members  of  the  group  are  de- 
scribed; and  then  the  characteristics  common 
to  all  members  of  the  group  are  discussed.  If 
the  content  is  focused  on  some  relationship, 
specific  examples  of  the  relationship  are  pre- 
sented; and  then  generalizations  are  made 
about  this  relationship. 

The  pupil’s  book  provides  the  necessary  in- 
formation. It  should  be  pointed  out  here  that 
the  facts  included  in  the  book  are  a means  to 
acquiring  the  concept.  The  ability  to  repeat 
verbatim  what  the  book  says  does  not  neces- 
sarily mean  that  the  child  has  acquired  the 
idea.  Suggestions  for  developing  the  concepts 
are  found  under  the  heading  “Procedure”  in 
each  problem  of  the  Guideboo\. 

Using  the  pictures  in  the  book 

In  the  Discovering  Our  World  series,  as  in 
all  the  books  of  the  Basic  Studies  in  Science 
program,  the  pictures  are  functional.  They  are 
an  essential  part  of  the  method  of  developing 
the  concepts.  Each  picture  has  a definite  pur- 
pose to  serve.  For  example,  some  pictures  are 
used  to  raise  questions,  some  are  used  to  show 
steps  in  a process,  some  are  used  to  show  how 
an  experiment  should  be  performed,  some  are 
used  to  supply  additional  applications  of  a proc- 
ess, and  some  are  used  to  provide  practice  in 
interpretation.  Pictures  may  be  a substitute  for 
actual  experience.  They  make  it  possible  for 
the  child  to  experience  vicariously  the  experi- 
ences that  others  have  had.  They  bring  the  near 
and  far  environment  into  the  classroom. 

To  use  the  pictures  effectively,  the  teacher 
must  study  each  picture  to  see  how  it  can  be 
used  to  assist  in  learning.  First,  she  should 
understand  what  the  purpose  of  the  picture  is. 
Then  the  question  is,  “How  can  the  picture  be 
used  for  this  purpose?”  This  is  a matter  of  de- 
termining what  questions  to  ask  about  it  or 
what  activities  to  set  up  that  will  make  the 
picture  serve  its  purpose.  The  following  exam- 
ples show  the  teacher  how  to  use  pictures  in 
this  manner. 


1.  Using  pictures  to  raise  questions . Pictures 
used  for  this  purpose  usually  have  the  legend 
in  the  form  of  a question.  The  problem  may 
be  introduced  by  asking  pupils  to  look  at  the 
picture  and  answer  the  question.  Then  they 
may  be  directed  to  read  the  problem  title  and 
the  text  to  find  out  if  their  answer  to  the  ques- 
tion was  correct.  The  original  answer  can  then 
be  corrected  in  light  of  what  they  have  found 
out  from  their  study.  If  the  original  answer  is 
incorrect  or  partially  incorrect,  the  children 
should  be  asked  to  explain  why  the  answer  was 
incorrect. 

2.  Using  pictures  to  show  how  to  carry  on 
some  activity.  The  text  describes  an  experiment 
to  perform  or  an  observation  to  make.  The  pic- 
ture shows  how  to  carry  on  the  activity.  The 
purpose  is  to  help  pupils  see  how  the  activity 
is  carried  on.  There  are  several  ways  of  using 
these  pictures. 

a)  Have  the  children  read  through  the  direc- 
tions in  the  text.  Then  refer  to  the  picture. 
Ask  questions  such  as : “What  things  is  the  boy 
using?  What  is  he  doing?  What  is  he  trying 
to  find  out?  Can  we  do  this  experiment?  What 
shall  we  do?” 

b)  After  the  question  is  raised,  have  the 
children  look  at  the  picture  before  reading  the 
text  for  directions.  Then  ask  questions  such  as 
those  above.  Then  have  the  children  read  the 
text  to  find  out  more  exactly  what  the  boy  is 
trying  to  find  out,  what  materials  he  needs, 
and  what  he  is  doing. 

c)  Sometimes  the  materials  and  equipment 
in  the  picture  may  not  be  available  in  the 
school.  In  this  case,  the  picture  can  be  substi- 
tuted for  the  direct  experience.  In  some  cases, 
other  kinds  of  materials  or  equipment  can  be 
used.  Ask  children  how  they  might  do  the 
experiment  with  whatever  equipment  is  avail- 
able. 

Often  the  pictures  merely  show  the  appara- 
tus needed  and  methods  of  constructing  the 
apparatus.  It  is  necessary  to  refer  to  the  text  to 
find  the  directions  for  doing  the  experiment. 
Ask  questions  such  as:  “What  do  we  need  to 
do  the  experiment?  How  shall  we  put  the 
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parts  together?  What  do  the  pictures  tell  us 
to  do?”  Examination  of  the  picture  should  be 
followed  by  having  the  pupils  read  the  text 
to  check  the  information  that  they  get  from  the 
picture. 

3.  Using  pictures  to  ma\e  graphic  a concept 
developed  in  the  text.  Without  a picture,  de- 
scription is  often  difficult  to  understand.  Pupils 
cannot  always  visualize  what  is  described.  Pic- 
tures also  make  it  possible  to  show  things  that 
the  child  has  not  experienced  or  could  not  ex- 
perience in  his  everyday  environment.  For  ex- 
ample, some  pictures  show  the  sequence  of 
events.  Questions  about  such  pictures  should 
connect  what  is  shown  to  the  concept.  Ques- 
tions such  as  the  following  can  be  used : “What 
do  these  pictures  show?  What  does  the  book 
tell  us  about  these  pictures?  How  are  these 
pictures  related  to  each  other?” 

4.  Using  pictures  to  obtain  interpretation  on 
the  basis  of  a concept  that  is  presented.  An 
essential  part  of  all  learning  is  use  of  what  has 
been  learned.  Use  of  a concept  in  the  interpre- 
tation of  a picture  helps  make  the  concept  more 
meaningful.  Many  pictures  of  this  type  are  in- 
cluded in  the  book.  Usually  there  is  a legend 
with  a question,  or  a question  may  be  included 
at  the  end  of  the  problem. 

Without  the  use  of  pictures,  it  is  almost  im- 
possible to  teach  how  a device  is  constructed. 
Children  find  it  difficult  to  visualize  a long 
description  of  the  parts  of  a device  and  the  re- 
lation of  these  parts  to  each  other.  The  follow- 
ing questions  will  help  pupils  analyze  the 
device  and  see  how  it  works:  “What  is  the 
name  of  the  device?  What  does  it  do?  What 
are  its  parts?  About  how  large  is  a real  de- 
vice of  this  kind  ? When  this  part  moves,  what 
does  that  part  do  ? What  are  the  different  steps 
in  its  operation?  What  happens  in  each  step? 
How  can  we  explain  what  happens?  Where 
is  this  device  used?  Who  uses  a device  such 
as  this?  Have  you  ever  used  a device  like 
this?  What  for?  How  should  the  device  be 
taken  care  of?”  Pictures  of  parts  of  the  body 
and  how  these  parts  work  are  used  in  this  way 
also. 


Using  the  questions  at  the  ends  of  problems 

The  questions  found  at  the  ends  of  the  prob- 
lems also  are  focused  on  the  important  con- 
cepts. The  final  step  in  each  problem  is  to  have 
the  children  answer  the  questions  raised  at  the 
beginning  of  each  problem.  Usually,  it  is  worth 
while  to  write  an  outline  answer  on  the  board. 
The  outline  should  be  developed  by  the  chil- 
dren. In  general,  it  should  correspond  closely 
with  the  outline  of  concepts  presented  in  the 
Guidebook \.  If  children  fail  to  include  a certain 
concept,  the  teacher  should  raise  questions  that 
will  bring  out  the  concept.  For  example:  “You 

remember  we  read  about . What  does  this 

show?  How  do  these  facts  help  us  answer  our 
question?”  Or  the  children  may  be  asked  to 
reread  some  part  of  the  problem  and  the  ques- 
tions above  may  be  asked. 

The  activity  at  the  end  of  each  problem  is 
a generalizing  activity.  The  children  must  be 
led  to  see  that  the  facts  presented  in  the  book 
are  important  because  they  enable  the  children 
to  get  ideas  about  things  that  can  be  used  to 
find  out  more  about  other  things.  For  example, 
when  the  pupils  find  that  mammals  have  cer- 
tain characteristics,  these  characteristics  tell 
them  about  other  mammals  and  also  help  them 
decide  whether  a certain  animal  is  or  is  not  a 
mammal. 

The  questions  at  the  ends  of  problems  are 
of  two  types.  The  first  of  these  two  types  is 
designed  to  test  the  child’s  understanding  of 
the  study  material.  Questions  of  this  type  can 
be  answered  if  the  child  understands  what  he 
has  read.  They  correspond  roughly  with  the 
questions  used  to  test  reading  comprehension 
in  standardized  tests.  The  second  type  of  ques- 
tion calls  for  some  thinking  on  the  part  of  the 
child.  It  may  require  the  recall  of  experiences 
similar  to  those  presented;  it  may  call  for  clas- 
sification of  objects  or  events  based  on  certain 
group  characteristics;  it  may  call  for  the  inter- 
pretation of  a picture  on  the  basis  of  some  con- 
cept that  has  been  studied;  it  may  call  for 
comparisons;  or  it  may  call  for  reasons  for 
carrying  on  an  activity  in  a certain  way.  These 
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questions  are  designed  to  give  the  children 
practice  in  the  use  of  the  concepts. 

The  teacher  should  distinguish  between  the 
information-type  questions  and  the  applica- 
tion-type questions.  Children  are  accustomed 
mainly  to  questions  that  can  be  answered  di- 
rectly by  the  recall  of  something  which  they 
have  studied.  When  an  application-type  ques- 
tion is  asked,  they  should  be  told  that  they  will 
have  to  think  out  the  answer  because  it  is  not 
in  the  text.  Occasionally,  when  they  cannot  get 
started  on  the  answer,  the  teacher  may  have 
to  ask  them  what  they  learned  from  their  study. 
This  might  be  written  on  the  board.  Then  say, 
“How  does  this  help  us  answer  our  question?” 
They  must  understand  that  what  they  learn  can 
be  used  to  answer  other  questions. 

The  questions  may  be  used  in  several  ways. 
After  the  problem  title  has  been  read,  the  chil- 
dren can  be  referred  to  the  questions  at  the  end 
of  the  problem  to  find  out  what  they  must  be 
able  to  answer  after  they  have  studied  the  text. 
It  is  often  desirable  to  have  them  try  to  answer 
the  questions  before  the  text  is  studied.  After 
studying  the  text,  they  can  compare  their  orig- 
inal answers  with  the  ones  that  they  now  give. 
This  method  of  study  shows  the  children  that 
they  have  learned  something;  they  can  answer 
questions  that  they  could  not  answer  before. 
Or  the  text  may  be  studied  before  reading  the 
questions.  Then  read  the  first  question  to  the 
children  and  call  for  an  answer. 

The  information-type  questions  at  the  ends 
of  the  problems  can  also  be  used  as  a basis 
for  a summary.  First,  write  the  problem  title  on 
the  board.  Then  call  for  the  answers  to  the 
questions.  Write  the  answers  on  the  board  as 
briefly  as  possible.  Then  help  the  children  con- 
dense the  answers  to  the  different  questions 
into  a single  answer  to  the  problem. 

Using  the  “Questions  to  Answer”  at  the  ends 
of  units 

The  “Questions  to  Answer”  at  the  ends  of 
units  are  so  stated  as  to  require  a broader  asso- 
ciation of  meanings  than  is  called  for  by  ques- 


tions at  the  end  of  each  problem.  They  call  for 
integration  of  ideas  obtained  from  different 
problems  and  for  interpretation  of  situations 
with  ideas  obtained  from  the  whole  unit. 

The  “Questions  to  Answer”  should  be  dis- 
cussed after  the  problems  of  the  unit  have  been 
completed.  Children  should  learn  to  give  evi- 
dence for  their  answers.  One  method  of  stress- 
ing this  is  to  have  the  children  be  prepared  to 
cite  references  in  the  text,  which  they  used  as  a 
basis  for  their  answers.  When  they  start  find- 
ing the  answers  to  the  questions,  tell  them  to 
look  back  through  the  unit  and  find  a para- 
graph, a sentence,  or  a picture  which  they  can 
use  to  prove  that  their  answer  is  correct.  Then 
ask  them  how  this  reference  in  the  text  can 
be  used  as  proof  for  their  answer. 

Since  some  of  the  questions  are  of  the  appli- 
cation type,  children  may  sometimes  have  diffi- 
culty in  answering  these  questions  because  they 
fail  to  see  the  connection  between  the  text  and 
the  question.  If  this  happens,  refer  them  to  the 
part  of  the  text  dealing  with  the  idea  basic  to 
the  solution.  Have  them  read  it  over  and  then 
ask,  “How  can  we  use  this  idea  to  help  us 
answer  our  question?”  Every  question  in  the 
book  can  be  answered  by  using  what  the  chil- 
dren have  studied. 

Using  the  “Things  to  Do”  at  the  ends  of  units 

The  “Things  to  Do”  at  the  ends  of  units 
suggest  activities  that  make  more  meaningful 
the  ideas  in  the  units  and  bring  about  a closer 
tie-up  with  the  environment.  Usually,  the  activ- 
ities should  be  assigned  to  individuals  or  groups 
on  a voluntary  basis.  Some  time  should  be  spent 
in  class,  planning  how  an  activity  should  be 
carried  out.  This  should  be  as  nearly  pupil 
activity  as  possible,  for  the  planning  is  very 
valuable.  Sometimes  a group  can  be  instructed 
to  plan  what  they  intend  to  do  and  then  report 
back  to  the  class  on  their  plans.  Then  the  plans 
can  be  evaluated  and  changed  by  the  children. 
Thus,  all  the  children  will  learn  how  to  plan 
science  activities;  and  they  will  get  a better  in- 
sight into  the  methods  used  by  scientists. 
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SUGGESTIONS  FOR  TEACHING  THE  UNITS 


IN 


Discovering  Our  World 


BOOK  1 


SUGGESTIONS  FOR  TEACHING  THE  UNITS 


This  part  of  the  Guideboo\  gives  specific 
information  and  suggestions  for  teaching  the 
individual  units  in  Discovering  Our  World, 
Boo\  1.  In  reading  the  section  on  Philosophy 
and  Technique,  the  teacher  has  become  ac- 
quainted with  the  general  suggestions  for 
handling  the  various  types  of  teaching  situations 


(starting  a new  unit  or  problem,  doing  experi- 
ments, etc.)  that  will  arise  in  teaching  the  units, 
and  she  can  refer  to  the  appropriate  sections  as 
these  situations  arise.  Applying  these  general 
suggestions,  together  with  the  specific  sugges- 
tions for  the  section  being  studied,  will  help  the 
teacher  approach  the  situation  with  confidence. 


Using  the  Introduction  ( Pages  6-7 ) 


Pupils  frequently  associate  science  with  an 
indefinite  conception  of  a laboratory  of  mysti- 
cal containers  full  of  liquids  that  change  colors, 
foam  when  they  are  brought  in  contact  with 
each  other,  or  cause  exciting  explosions  at  the 
slightest  pretext.  The  first  few  science  periods 
might  well  be  spent  in  letting  pupils  express 
themselves  on  such  questions  as:  “What  do 
you  think  science  is  about?”  “What  do  you 
think  a scientist  does?”  “Do  you  know  any  im- 
portant things  that  scientists  have  discovered 
or  invented?”  “How  can  anyone  in  our  class 
ever  become  a scientist?”  “What  kinds  of 
things  do  scientists  study?”  The  picture  on 
page  6 and  the  question  at  the  bottom  of  the 
first  column  will  give  the  opportunity  to  bring 
out  the  basic  idea  to  be  stressed  throughout  the 
study  of  this  book,  namely,  that  science  and 
subjects  for  scientific  study  are  in  the  world  all 
about  us  in  our  everyday  life. 

Then  have  the  pupils  read  pages  6-7  and  ask 
such  questions  as  these:  “Have  you  ever  looked 
through  a telescope  or  a microscope?”  If  any 
class  member  has  had  such  an  experience,  let 
him  relate  it  to  the  class.  “Do  you  know  of 
anyone  who  has  studied  a great  deal  of  sci- 


ence?” Pupils  may  tell  of  various  adult 
acquaintances  of  theirs,  or  parents  or  older 
brothers  or  sisters,  who  have  studied  dif- 
ferent phases  of  science.  This  may  lead  up  to 
the  discussion  of  these  problems : “What  differ- 
ent kinds  of  things  do  you  think  scientists 
study?”  and  “How  is  their  work  different  from 
other  kinds  of  work?” 

This  last  question  may  lead  into  a discussion 
of  the  second  and  third  paragraphs  on  page 
7.  Bring  out  the  fact  that  with  a scientist,  it 
is  how  he  studies  or  attacks  a problem  that 
is  important  rather  than  what  he  studies. 
This  method  of  study  or  of  solving  prob- 
lems is  an  important  habit  to  form  whether 
one  is  going  to  be  a scientist  or  not. 

Following  this,  the  teacher  may  approach  the 
study  of  the  book  in  some  such  manner  as  this : 
“Our  book  tells  us  some  of  the  different  things 
that  scientists  have  found  out.  It  also  tells  us 
how  they  found  out  these  things.  There  are 
two  easy  ways  for  us  to  find  out  what  we  are 
going  to  study.  We  may  look  at  the  table  of 
Contents,  and  we  may  look  through  the  book 
and  see  the  chapter  headings  and  pictures.” 
Thus,  interest  is  aroused  in  what  is  to  come. 
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UNIT 


How  Are  the  Things  of  the  World  Put  in  Groups? 


Purpose  and  scope 

The  purpose  of  Unit  1 is  to  give  the  child 
an  orderly  acquaintance  with  some  of  the  liv- 
ing and  non-living  things  that  constitute  his 
environment.  Through  an  elementary  study  of 
certain  of  the  major  plant  and  animal  groups, 
the  child  is  introduced  to  the  scientist’s  method 
of  organizing  knowledge.  Since  this  is  the 
main  purpose  of  the  unit,  no  attempt  has  been 
made  to  go  beyond  the  major  divisions  of  the 
plant  and  animal  kingdoms. 

It  is  important  that  the  pupil  understand  the 
meaning  of  the  word  structure  and  that  he  fully 
comprehend  the  significance  of  structure  in 
studying  and  classifying  plants  and  animals. 
The  idea  that  living  things  have  parts  and  that 
these  parts  are  different  in  different  species  is 
fundamental.  It  is  probably  a new  idea  to  chil- 
dren that  every  living  thing  in  the  world  may 
be  placed  in  a group  according  to  its  structure. 

The  pupils  should  further  understand  that 
only  through  careful  observation  and  study  of 
plants  and  animals  have  scientists  been  able  to 
divide  these  living  things  into  groups.  They 
should  realize  that  scientists  do  not  generalize 
without  sufficient  evidence.  That  is,  they  study 
thoroughly  a number  of  individuals  of  a new 
plant  or  animal  before  they  decide  in  which 
group  the  new  specimen  belongs. 

This  unit  comes  early  in  the  course  not  only 
because  it  is  one  of  the  orienting  units,  but  also 
because  it  can  best  be  taught  at  a time  when 
field  trips  and  individual  collecting  expedi- 
tions can  be  arranged  to  sample  that  part  of  the 
living  world  that  lies  at  hand.  However,  it 
must  be  emphasized  that  the  purpose  of  these 
problems  is  not  to  learn  to  identify  all  the 
birds,  insects,  weeds,  flowers,  and  trees  in 
the  region.  It  is  to  find  out  what  sorts  of 
things  plants  and  animals  are.  By  showing  the 


pupils  that  there  are  more  kinds  of  living 
things  than  they  probably  realize,  it  is  hoped 
to  develop  broader  and  more  accurate  meanings 
for  the  words  animal  and  plant.  By  learning 
something  of  the  main  groups  into  which  liv- 
ing things  are  divided,  the  variety  of  types  is 
emphasized  for  the  pupils.  This  way  of  classify- 
ing animals  and  plants  gives  the  pupils  enough 
facts  for  determining  in  what  large  group  any 
unknown  living  thing  belongs.  They  then  can 
place  the  living  thing  into  a smaller  group 
if  they  have  learned  the  general  characteristics 
of  these  groups.  In  this  way,  the  pupils  can 
become  familiar  with  many  living  things  by 
applying  classifying  skills  in  new  situations. 

Science  background 

Loo\  and  Learn:  Unit  1,  Animals;  Unit  4, 
Outdoors 

All  Around  Us:  Unit  1,  Animals;  Unit  4, 
Plants 

How  Do  We  Know?:  Unit  1,  Animals;  Unit 
3,  Plants 

General  concepts 

1.  Things  that  are  alike  in  certain  ways  are 
put  into  a group. 

2.  All  the  things  in  the  world  may  be  di- 
vided into  two  groups:  living  things  and  non- 
living things. 

3.  All  living  things  are  either  animals  or 
plants. 

4.  The  parts  of  anything  and  the  way  the 
parts  are  put  together  make  up  the  structure 
of  the  thing. 

5.  Both  animals  and  plants  are  divided  into 
groups  according  to  certain  similarities  in  their 
structure. 
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Introducing  the  unit  (Pages  9-10) 

As  the  title  Discovering  Our  World  suggests, 
the  major  emphasis  is  on  the  activity  of  finding 
out  the  answers  to  problems  in  science.  Various 
means  are  suggested  including  reading  the 
text  and  references,  asking  persons  who  have 
the  desired  knowledge,  observing  carefully  and 
accurately,  and  experimenting.  In  Unit  1,  the 
approach  is  through  careful  observation,  ask- 
ing, and  reading.  Below  are  given  some  sug- 
gestions as  to  the  materials  needed  for  the  unit 
as  a whole.  Additional  suggestions  will  be 
found  in  each  problem  as  needed.  For  helpful 
books  that  may  be  used  as  part  of  the  reading 
approach,  consult  the  Bibliography  on  page  252. 

It  is  not  necessary  to  purchase  anything  for 
the  study  of  this  unit.  The  materials  needed  to 
develop  the  concepts  and  enrich  the  teaching 
of  Unit  1 should  be  collected  by  the  pupils 
themselves  in  so  far  as  possible.  The  collected 
materials  should  include  examples  of  both  liv- 
ing and  non-living  things.  The  animals  should 
be  of  as  many  different  kinds  as  possible — 
frogs,  toads,  turtles,  insects,  a rabbit,  cat  or  dog, 
etc.  Probably  most  of  these  things  will  be 
brought  in  as  a result  of  the  teacher’s  request  in 
the  first  lesson.  If  the  schoolroom  has  an  aquar- 
ium or  a terrarium,  much  good  use  can  be 
made  of  it.  The  kinds  of  wild  things  brought 
in  will,  of  course,  vary  with  the  locality. 

In  addition  to  the  pictures  in  the  text,  many 
fine  pictures  of  plants  and  animals  can  be  found 
in  magazines  and  other  sources.  These  should 
be  collected  and  kept  on  file  from  year  to  year. 

A magnifying  glass  is  a very  valuable  aid. 
Children  can  often  bring  magnifying  glasses. 

Proper  care  of  the  plants  and  animals  brought 
into  the  classroom  is,  of  course,  essential.  Sug- 
gestions for  caring  for  animals  and  plants  will 
be  found  on  pages  240-243  of  the  Guidebook, ;. 

Procedure 

A good  way  to  begin  the  study  of  this  unit 
is  to  have  the  children  read  and  discuss  pages 
9-10.  This  will  help  the  teacher  stimulate  in- 


terest on  the  part  of  each  child  in  bringing 
something  to  class.  Anything  that  a child  brings 
can  be  used  in  the  study  of  this  unit.  Of  course, 
some  provision  must  be  made  for  exhibiting 
these  materials.  A shelf,  such  as  the  one  in  the 
picture  on  page  11,  can  be  built  along  one  side 
of  the  schoolroom.  Tables  will  also  serve  this 
purpose. 

What  are  the  two  big  groups  of 
things?  (Pages  10-11) 

Concepts 

1.  All  the  things  in  the  world  can  be  put 
into  two  groups:  living  things  and  non-living 
things. 

2.  A living  thing  is  something  that  is  alive 
now  or  once  was  alive. 

3.  A non-living  thing  never  was  alive. 

Procedure 

The  teacher  should  take  the  time  to  show 
interest  in  all  the  things  brought  to  school.  This 
will  encourage  the  children  to  continue  to  bring 
in  material.  The  pictures  in  the  book  showing 
the  various  plant  and  animal  groups  should  be 
carefully  studied.  However,  the  most  effective 
materials  are  the  actual  specimens  brought  by 
children.  Discuss  various  ways  of  arranging 
this  collection  and  then  read  page  10.  Have  the 
children  try  to  pick  out  the  things  that  are  alike 
before  reading  page  11  to  find  out  how  another 
class  solved  this  problem. 

Questions  (Page  11) 

1.  Observe.  Read. 

2.  They  tell  what  things  look  like,  what  they 
feel  like,  what  they  sound  like,  and  what  they 
smell  like. 

3.  So  that  they  could  learn  to  put  things 
into  groups. 

4.  It  is  easier  to  find  things,  to  compare 
things,  and  to  keep  track  of  things  if  they  are 
put  into  groups. 

5.  Answers  individual. 
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How  are  all  living  things  alike? 

(Pages  12-14) 

Concept 

All  living  things  are  alike  in  these  ways: 

a)  They  can  have  young  like  themselves. 

b ) They  can  grow  and  die. 

c ) They  need  food. 

d ) They  can  breathe. 

e ) They  can  move. 

Information  for  the  teacher 

Pictures.  Pages  12-13.  These  are  the  flowers 
of  the  magnolia,  an  ornamental  tree  that  has 
very  large  showy  flowers  in  spring.  In  regions 
where  the  magnolia  is  found,  pupils  may  be 
able  to  watch  these  blossoms  open  if  they  wish 
to  take  time  to  observe  them  on  warm,  quiet 
days. 

Page  14.  These  are  young  king  snakes.  Not 
all  snakes  hatch  from  eggs.  Some  are  born 
alive.  The  king  snake  is  helpful  to  us  because 
it  feeds  on  mice,  rats,  and  other  rodents.  King 
snakes  are  not  common  in  Canada,  but  a 
relative,  the  milk  snake,  is  quite  common. 

Procedure 

Have  the  children  carefully  observe  the 
things  in  their  collection  and  pick  out  the  ones 
that  they  know  are  living  things.  Animals  will 
probably  be  named  first,  since  they  are  more 
obviously  living  things  than  are  plants.  Let  the 
class  give  ways  in  which  the  living  things 
named  are  alike.  Then  the  children  can  check 
their  findings  by  reading  pages  12-14. 

Before  going  on  to  the  next  problem,  be  sure 
that  the  class  understands  that  all  living  things 
— plants  as  well  as  animals — are  alike  in  certain 
ways.  It  is  especially  important  to  do  this  if 
the  children  failed  to  pick  out  plants  when  they 
named  the  living  things  in  their  collection. 

Questions  (Page  14) 

1.  Can  move;  can  breathe;  need  food;  can 
grow;  can  have  young  like  themselves. 

2.  Living  things:  dog,  snail,  grass,  fish. 

3.  Answers  individual. 


4.  Yes.  They  can  have  young  like  them- 
selves. 

How  are  all  non-living  things  alike? 
(Pages  15-16) 

Concept 

All  non-living  things  are  alike  in  these  ways : 

a)  They  cannot  move,  d ) They  cannot  grow. 

b ) They  cannot  breathe,  e ) They  cannot  have 

c ) They  do  not  need  young  like  them- 

food.  selves. 

Procedure 

As  in  the  preceding  problem,  have  the  chil- 
dren carefully  observe  the  things  in  their  col- 
lection. Ask  them  to  pick  out  the  non-living 
things.  Let  them  give  ways  in  which  the  non- 
living things  are  alike.  They  should  discover 
that  non-living  things  can  carry  on  none  of  the 
activities  of  living  things.  This  fact  can  be 
effectively  brought  out  by  having  the  class  com- 
pare a non-living  thing  with  a living  thing  of 
the  same  name,  such  as  a toy  soldier  and  a 
real  soldier,  artificial  fruit  and  live  fruit,  or  a 
cloth  dog  and  a live  dog.  Then  the  class  can 
check  its  findings  by  reading  pages  15-16. 

The  activity  of  sorting,  arranging,  and  label- 
ling the  living  things  and  the  non-living  things 
should  not  be  hurried.  Each  child  should  be 
able  to  tell  why  he  is  putting  a thing  in  one 
group  or  the  other.  He  must  know  that  a living 
thing  is  something  that  is  alive  now  or  that  was 
alive  at  one  time.  For  this  reason,  a dead  ani- 
mal, such  as  a dead  butterfly,  is  placed  with  the 
living  things.  Each  child  should  also  be  able 
to  give  five  reasons  why  he  knows  that  a thing 
is  a living  thing;  that  is,  it  can  move,  can 
breathe,  needs  food,  can  grow,  and  can  have 
young  like  itself.  On  the  other  hand,  the  child 
must  understand  that  a non-living  thing  never 
was  alive.  He  should  be  able  to  give  five  reasons 
why  a thing  is  a non-living  thing;  that  is,  it 
cannot  carry  on  any  of  the  activities  of  a living 
thing. 

If  the  distinction  between  living  things  and 
non-living  things  is  clearly  understood,  the 
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children  should  have  no  difficulty  in  sorting 
out  the  things  in  their  collection.  Parts  of  an 
animal  or  plant,  such  as  a bone,  a feather,  a 
shell,  a leaf,  a seed,  or  a twig,  should  be  put 
with  the  group  of  living  things.  However, 
articles  made  wholly  or  partly  from  living 
things  should  not  be  put  in  the  group  of  living 
things.  A wooden  chair  or  hammer  handle  is 
a non-living  thing.  So  is  a cotton  handkerchief, 
a woollen  coat,  or  a silk  scarf.  All  of  them  were 
made  from  parts  of  living  things;  but  none  of 
them,  as  such,  can  or  ever  could  carry  on  the 
activities  of  a living  thing.  The  wood  in  a chair 
came  from  a tree,  which  was  at  one  time  a 
living  thing.  But  the  chair  itself  cannot  move, 
cannot  breathe,  does  not  need  food,  cannot 
grow,  and  cannot  have  young  like  itself.  For 
the  same  reason,  products  of  animal  or  plant 
origin,  such  as  milk,  paper,  coal,  and  petroleum, 
should  be  put  in  the  group  of  non-living  things. 

Questions  (Page  16) 

1.  Cannot  breathe;  cannot  move;  do  not 
need  food;  cannot  grow;  cannot  have  young 
like  themselves. 

2.  Not  alive  now  or  at  any  time. 

3.  hiving  things : apple,  red-winged  black- 
bird, grasshopper,  boy.  Non-living  things:  nail, 
flatiron,  ball,  bicycle,  bottle,  spoon,  penny. 

4-5.  Pupils  should  show  that  they  under- 
stand how  living  and  non-living  things  differ. 

6.  Answers  individual. 

What  are  the  two  biggest  groups  of 
living  things?  (Pages  17-18) 

Concept 

All  living  things  are  either  animals  or  plants. 

Information  for  the  teacher 

Pictures.  Page  17.  Rats  have  different  parts 
and  shape  from  geranium  plants;  can  move 
around;  take  food  and  water  through  their 
mouths.  Geraniums  take  water  through  their 
roots,  and  you  cannot  see  that  they  get  or  use 
food.  You  can  see  the  rats  breathe,  but  you  can- 
not see  that  plants  take  in  and  use  air. 


Page  18.  Plant  group:  tree,  grass,  flowers, 
water  lilies,  cattail,  log.  Animal  group:  dog, 
fish,  dragonfly,  turtle,  children. 

Text.  The  following  brief  classification  of 
animals  and  plants  will  help  give  the  teacher 
an  overview  of  the  animal  and  plant  kingdoms. 
Within  each  large  subdivision,  the  groups  are 
listed  in  the  descending  order  of  complexity. 

Brief  Classification  of  Living  Things 
(Starred  groups  mentioned  in  Unit  1) 

I.  ANIMALS 

A.  Animals  with  backbones  (Vertebrates) 

1.  Mammals* 

2.  Birds* 

3.  Reptiles* — snakes,  turtles,  lizards,  alliga- 
tors 

4.  Amphibians* — toads,  frogs,  salamanders 

5.  Fish* 

B.  Animals  without  backbones  (Invertebrates) 

1.  Insects* 

2.  Arachnids* — spiders,  daddy-longlegs, 
scorpions,  etc. 

3.  Myriapods* — centipedes,  etc. 

4.  Crustaceans* — crabs,  crayfish,  lobsters 

5.  Mollusks* — snails,  clams,  oysters,  etc. 

6.  Worms* — earthworms,  etc. 

7.  Echinoderms* — starfish,  sea  urchins, 
sand  dollars,  etc. 

8.  Coelenterates— jellyfishes 

9.  Sponges 

10.  Protozoa — amoeba,  paramecium,  malaria 
parasite,  etc. 

II.  PLANTS 

A.  Plants  with  seeds 

1.  Flowers;  seeds  in  fruits* 

2.  No  flowers;  seeds  in  cones* 

B.  Plants  without  seeds 

1.  Ferns* 

2.  Mosses* 

3.  Algae* — seaweeds,  pond  scum,  etc. 

4.  Fungi* — mushrooms,  puffballs,  molds, 
bacteria,  etc. 
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Procedure 


Procedure 


Have  the  children  look  at  all  the  living 
things  in  their  collection  to  see  whether  they 
can  find  the  two  groups  into  which  living 
things  are  divided.  After  their  discussion,  have 
them  read  pages  17-18.  The  children  should 
then  have  no  difficulty  in  separating  the  plants 
from  the  animals,  although  they  may  not  be 
able  to  give  many  ways  in  which  the  two 
groups  differ.  This  unit  stresses  the  similarities 
of  the  two  groups.  The  teacher  should  bring 
out  the  fact  that  although  plants  move  as  they 
grow,  their  roots  keep  them  from  moving  from 
one  place  to  another  as  animals  do.  She  might 
also  mention  that  many  animals  can  see,  hear, 
taste,  smell,  and  feel  but  that  plants  cannot  do 
any  of  these  things. 

Questions  (Page  18) 

1-2.  The  lists  of  plants  and  animals  should 
show  that  the  children  understand  how  plants 
and  animals  differ. 

3.  The  children’s  answers  should  contain 
the  ideas  brought  out  in  answer  to  the  question 
over  the  picture  on  page  17. 

How  can  we  tell  what  group  an 
animal  belongs  in?  (Pages  19-20) 

Concepts 

1.  Structure  means  the  parts  of  a thing  and 
how  the  parts  are  put  together. 

2.  Animals  may  be  divided  into  different 
groups  according  to  their  structure. 

Information  for  the  teacher 


In  this  problem,  structure  is  introduced  as 
the  scientific  basis  for  classifying  animals.  The 
concept  of  structure  underlies  the  remaining 
problems  of  this  unit.  In  the  final  problem,  the 
concept  is  extended  to  include  plants.  Accord- 
ingly, the  class  must  have  a clear  understanding 
of  structure  before  leaving  this  problem. 

Develop  the  meaning  of  the  word  structure 
by  having  the  class  read  and  discuss  pages  19- 
20.  The  questions  on  page  20  will  be  useful  in 
directing  class  discussion.  Be  sure  that  the  chil- 
dren understand  that  structure  means  both  the 
parts  of  a thing  and  the  way  in  which  these 
parts  are  put  together. 


Questions  (Page  20) 

1.  Alike : have  four  legs,  hair,  tails,  ears, 
teeth. 


Dog  has  paws. 

Dog  does  not. 

Dog  has  teeth  for  eat- 
ing meat. 


Different: 

Horse  has  hoofs. 

Horse  has  mane. 

Horse  has  teeth  for 

eating  grass. 

Horses  are  bigger. 

2.  Fish:  fins,  scales,  flat  body,  no  legs.  Bird: 
two  legs,  two  wings,  feathers,  bill. 

3.  Child’s  own  structure:  two  arms,  two  legs, 
hands,  feet,  head  with  hair,  eyes,  ears,  nose, 
mouth,  and  teeth. 

4.  Structure  tells  scientist  what  parts  animal 
has  and  how  the  parts  are  put  together.  When 
he  knows  this,  he  can  put  animals  that  are 
alike  in  structure  in  the  same  group. 

5.  Answers  individual. 


Pictures.  Page  19.  No.  (See  page  20.) 

Page  20.  From  the  picture  and  from  experi- 
ence with  squirrels  and  frogs,  the  children  may 
make  the  following  comparisons: 


Squirrel  has  fur. 
Squirrel  has  tail. 
Squirrel  has  ears. 
Squirrel  has  feet  that 
can  pick  things  up. 
Squirrel  has  teeth. 


Frog  has  smooth  skin. 
Frog  has  no  tail. 

Frog  has  no  visible  ears. 
Frog  has  feet  for  swim- 
ming. 

Frog  has  no  teeth. 


What  is  a mammal?  (Pages  21-23) 

Concepts 

1.  All  mammals  are  alike  in  these  ways: 

a)  Mammals  have  fur  or  hair. 

b)  The  babies  are  fed  with  milk  from 
their  mothers’  bodies. 

c)  Mammals  are  warm-blooded. 

d)  Mammals  take  air  into  their  bodies 
with  lungs. 
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2.  The  temperature  of  the  blood  of  some 
animals  stays  about  the  same  all  the  time.  These 
animals  are  warm-blooded. 

Information  for  the  teacher 

Pictures.  Page  22.  Armadillo.  Found  in 
Texas.  The  skin  of  the  armadillo  has  developed 
into  a hard  covering  of  bony  plates  on  which 
there  is  a scant  covering  of  hair,  difficult  to 
see  in  a picture. 

Red  fox.  Found  in  most  of  the  United  States 
and  Canada  in  forested  and  rolling  country 
where  the  vegetation  gives  protection. 

Chipmun\.  Found  throughout  the  wooded 
sections  of  Canada. 

W oodchuc\.  Found  in  most  parts  of  southern 
Canada.  It  is  also  called  a ground  hog.  The 
marmot  of  the  Rocky  Mountain  area  is  a close 
relative. 

S\un\.  Found  throughout  most  of  Canada 
except  in  deep  forests  and  the  far  north.  Skunks 
eat  mice  and  other  harmful  animals  and  should 
be  protected. 

Meadow  mouse.  Found  in  fields  and  mead- 
ows over  most  of  North  America.  Mostly  noc- 
turnal. Extremely  prolific.  The  meadow  mouse 
consumes  much  food  such  as  hay,  grains,  etc. 

Page  23.  Kangaroo.  Found  in  Australia. 

Llama.  Found  at  high  altitudes  in  western 
and  southern  South  America.  Used  as  beast  of 
burden  in  Peru  and  Bolivia. 

Tiger.  Found  in  India  and  other  parts  of 
southeastern  Asia.  A tiger  usually  does  not 
prey  on  people  unless  it  is  old  or  otherwise  un- 
fitted for  hunting  its  natural  prey. 

Bear.  This  is  a grizzly  bear.  Now  found  only 
in  the  least  accessible  parts  of  the  Rocky  Moun- 
tains. 

Seal.  A marine  mammal  of  high  latitudes. 
Feeds  mostly  on  fish. 

Pointer  dog.  A breed  of  dogs  trained  to  scent 
and  point  out  game. 

Procedure 

The  teacher  should  select  two  or  three  mam- 
mals from  the  group  of  animals  on  the  shelf 
and  ask  the  class  to  find  ways  in  which  they  are 


alike.  Suggest  that  the  class  find  out  what  all  of 
these  animals  are  covered  with,  how  they  feed 
their  babies,  etc.  After  the  children  have  made 
their  list  of  ways  all  mammals  are  alike,  have 
them  check  the  list  by  reading  pages  21-23. 
Stress  the  meaning  of  warm-blooded.  To  make 
sure  that  the  class  understands  what  a mammal 
is,  show  them  many  pictures  of  animals  from 
which  they  are  to  select  the  mammals.  After 
some  of  the  children  have  made  the  label  Mam- 
mals, they  should  bring  as  many  mammals  as 
they  can  to  place  beside  it.  Many  of  these,  such 
as  a cat,  dog,  or  lamb,  should  be  taken  home 
that  day.  Others,  such  as  a rabbit,  white  rats, 
or  a guinea  pig,  may  be  caged  and  cared  for 
in  the  schoolroom.  (See  pages  240-243  of  this 
Guideboo\.) 

Questions  (Page  23) 

1.  Mammals:  dog,  horse,  cow,  beaver,  lion. 
They  have  fur.  Babies  are  fed  milk  from  the 
mother’s  body.  (Children  may  not  know  the 
other  criteria  about  these  animals.) 

2.  Pictures  of  mammals  will  be  found  on 
pages  11,  14,  16,  17,  18,  19,  20,  21,  22,  23,  26, 
38,  44. 

3.  Some  animals  which  are  not  mammals, 
such  as  frogs  and  toads,  also  have  four  feet. 

4.  Li\e:  Can  grow,  move,  breathe,  eat,  and 
have  young  like  itself.  Different:  Has  fur  or 
hair  and  feeds  its  young  milk  from  its  own 
body. 

5.  Mammals  that  live  in  water  are  whales, 
porpoises,  and  sea  cows  (manatees).  Seals,  sea 
lions,  walruses,  otters,  etc.,  spend  part  of  their 
lives  in  water  and  part  on  land. 

How  are  birds  different  from  other 
animals?  (Pages  24-25) 

Concept 

All  birds  are  alike  in  these  ways: 

a)  Birds  are  covered  with  feathers. 

b)  Birds  have  two  wings  and  two  legs. 

c ) Birds  have  bills. 

d)  Birds  are  warm-blooded. 

e)  Birds  breathe  with  lungs. 
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Information  for  the  teacher 

Pictures.  Ranges  of  the  birds  shown  on 
pages  24-25: 

Magpie.  Treeless  or  more  sparsely  wooded 
districts  of  western  Canada  as  far  east  as 
Manitoba;  occasionally  seen  in  winter  in 
eastern  Canada;  reported  from  as  far  north  as 
Alaska. 

Parrot.  Mexican  double  yellowhead  parrot. 
A pet  in  this  country. 

Hummingbird.  (ruby-throated)  Eastern 
North  America  to  about  middle  portion  of  the 
prairies  (along  streams) ; frequents  areas  where 
large-flowered  plants  are  grown;  migrates  to 
Central  and  South  America;  our  smallest 
bird. 

Baltimore  oriole.  Common  in  temperate  parts 
of  eastern  Canada;  less  common  as  far  west  as 
the  Rocky  Mountains;  prefers  open  country 
with  large  shade  trees. 

Bobwhite.  Found  only  in  southeastern 
Canada;  not  common  in  most  of  its  range  in 
Canada;  much  more  common  in  the  United 
States.  Often  called  a quail.  Intensive  farming 
has  driven  it  away  from  much  of  its  range,  as 
it  depends  on  the  shelter  of  thick  fencerows. 

Puffin.  Coasts  and  islands  of  North  Atlantic. 
Breeds  in  North  America,  south  to  Bay  of 
Fundy  and  Maine.  Winters  south  to  Massa- 
chusetts, rarely  to  Long  Island  and  Delaware 
Bay. 

Wild  tur\ey.  Eastern  United  States  from 
Nebraska,  Kansas,  western  Oklahoma,  and 
eastern  Texas  east  to  central  Pennsylvania  and 
south  to  the  Gulf  Coast.  Formerly  north  to 
South  Dakota,  southern  Ontario,  and  southern 
Maine. 

Ostrich.  Deserts  of  Africa  and  Arabia. 

Mallard  duc\.  Most  of  the  northern  hemi- 
sphere. It  is  abundant  wherever  it  has  not  been 
destroyed  or  reduced  in  numbers  by  man. 

Horned  owl.  Western  hemisphere  from  north- 
ern limit  of  trees  in  the  arctic  zone  south  to 
the  Straits  of  Magellan. 

Pelican.  Nests  on  several  lakes  in  the  Prairie 
Provinces. 


Lyrebird.  Thick  forests  in  Australia. 
Flamingo.  Atlantic  coast  of  subtropical 
North  and  South  America  from  the  Bahamas, 
Florida  keys,  and  Yucatan  to  Brazil  and  the 
Galapagos  Islands. 

Procedure 

The  class  should  look  at  both  a canary  and 
a chicken  if  possible.  They  may  see  sparrows, 
robins,  or  other  birds  near  school.  They  should 
also  look  at  the  pictures  of  birds  on  pages  24-25. 
The  teacher  can  help  their  observations  by 
asking  again,  “With  what  are  birds  covered?” 
After  listing  in  their  own  words  the  ways 
birds  are  alike,  the  children  should  read  pages 
24-25  to  check  their  list.  If  they  do  not  have 
any  live  birds  in  their  collection  to  be  placed 
by  the  label  Birds , some  stuffed  birds  may  be 
brought  to  class. 

Questions  (Page  25) 

1.  Like:  Have  lungs  and  are  warm-blooded. 
Different:  Have  feathers,  two  wings,  two  legs, 
and  bills. 

2.  Yes.  Has  feathers  and  a bill,  two  wings 
and  two  legs. 

3.  No.  Bee  does  not  have  feathers.  Has  more 
than  two  legs.  Does  not  have  a mouth  with  a 
bill.  Has  more  than  two  wings. 

How  are  all  reptiles  alike? 

(Pages  26-29) 

Concepts 

1.  All  reptiles  are  alike  in  these  ways: 

a)  Reptiles  are  covered  with  scales  or  a 
shell  made  of  scales. 

b)  Reptiles  have  either  very  short  legs  or 
no  legs  at  all. 

c ) Reptiles  are  cold-blooded. 

d)  Reptiles  breathe  with  lungs. 

2.  Cold-blooded  means  that  the  animal’s 
blood  changes  temperature  when  the  tempera- 
ture around  the  animal  changes. 

3.  Snakes  and  other  wild  animals  must  be 

handled  carefully. , : » , 
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Information  for  the  teacher 

Pictures.  Page  26.  The  Indigo  snake  is  also 
known  as  the  Gopher  snake,  since  it  often  uses 
the  burrows  of  the  Gopher  tortoise.  The  Indigo 
snake  is  not  found  in  Canada,  but  is  a native 
of  the  southeastern  United  States  as  far  west 
as  Texas.  It  is  often  encouraged  to  stay  around 
homes  and  barns  because  it  eats  rats.  Its  docile 
disposition  makes  it  a good  snake  for  study  or 
for  a pet. 

Page  27.  This  snake  is  a water  moccasin  or 
cottonmouth  moccasin.  This  poisonous  snake 
is  not  found  in  Canada.  It  is  a native  of  the 
south  eastern  United  States. 

Page  28.  A spotted  turtle.  This  turtle  is  very 
abundant  in  eastern  North  America. 

Page  29.  This  is  a group  of  American  croco- 
diles on  the  banks  of  a lake  in  Honduras,  Cen- 
tral America.  Crocodiles  are  found  in  the 
rivers  and  swamps  in  tropical  countries.  This 
species  is  found  in  Central  America,  the  West 
Indies,  and  southern  Florida.  However,  they 
are  rare  in  Florida  and  should  not  be  confused 
with  the  alligators  found  throughout  the  state 
and  at  alligator  farms.  The  bird  on  the  dead 
limb  is  called  a snake  bird. 

Text.  We  are  fortunate  that  in  Canada 
poisonous  snakes  are  extremely  rare.  Only  three 
species  are  found  here,  and  none  of  these  is 
common.  In  a few  isolated  areas  in  southern 
Ontario,  there  are  a few  Massasauga  rattle- 
snakes. These  snakes  grow  to  a length  of  two 
feet.  They  are  light  brown  in  color  with  darker 
saddle-shaped  markings  on  the  back.  In  the 
southern  parts  of  the  Prairie  Provinces,  there 
are  prairie  rattlers,  and  in  the  Rocky  Mountains, 
a related  species  is  found.  Rattlesnakes  can  be 
recognized  by  the  rattle  and  the  rattling  warn- 
ing sound,  and  by  the  broad,  wedge-shaped 
head.  We  must  not  assume  that  all  spotted 
snakes  are  rattlesnakes,  because  several  species, 
such  as  the  fox  snake  and  milk  snake,  are 
marked  in  this  way,  and  they  are  among  our 
most  useful  snakes. 

As  a group,  snakes  are  useful  animals,  help- 
ing to  maintain  the  balance  of  nature  by  eating 
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numerous  small  rodents  and  insects.  Many 
people  are  unaware  of  the  value  of  snakes,  and 
kill  them  on  sight.  Fear  of  snakes  can  be  partially 
overcome  by  learning  more  about  native  snakes 
and  recognizing  that  they  are  useful  and  gener- 
ally harmless  animals.  Teachers  should  develop 
in  their  pupils  a respect  for  snakes,  and  avoid 
creating  unfounded  fear  of  them. 

Procedure 

If  possible,  have  a small  snake  or  a snake- 
skin,  a turtle,  and  a baby  alligator  in  the  class- 
room. Have  the  children  find  pictures  of  rep- 
tiles. Then  let  the  children  examine  a piece  of 
snakeskin  to  see  the  scales.  Also  have  them 
look  at  a turtle’s  shell  made  of  scales,  and  notice 
the  scales  on  the  turtle’s  neck  and  legs.  Then 
the  class  should  read  pages  26-29.  Stress  the 
meaning  of  cold-blooded.  Have  a label  Rep- 
tiles made  and  place  all  the  reptiles  beside  it. 

Questions  (Page  29) 

1.  Have  scales;  are  cold-blooded. 

2.  Breathe  with  lungs. 

3.  (a),  (c). 

4.  When  an  animal  is  warm-blooded,  it  has 
about  the  same  temperature  all  the  time.  When 
it  is  cold-blooded,  its  temperature  changes  with 
the  temperature  around  it. 

5.  (a)  Do  not  disturb  a snake  while  it  is 
eating.  ( b ) Pick  up  a snake  by  holding  it  just 
back  of  the  head.  ( c ) Do  not  get  near  a snake 
unless  you  are  sure  that  it  is  not  poisonous. 

How  are  all  fish  alike?  (Pages  30-31) 

Concept 

All  fish  are  alike  in  these  ways: 

a)  Fish  are  usually  covered  with  scales. 

b)  Fish  have  fins. 

c)  Fish  are  cold-blooded. 

d)  Fish  breathe  with  gills. 

Information  for  the  teacher 

Pictures.  Page  30.  Large-mouthed  bass. 
Found  in  cool  and  warm  rivers,  streams,  and 
lakes  throughout  central  and  eastern  Canada. 


Catfish.  Also  called  a bullhead.  Found  in 
ponds  and  sluggish  streams  all  over  southern 
Canada.  It  is  one  of  the  fish  without  scales. 

Sea  robin.  Found  in  the  Atlantic  Ocean  south 
of  the  Maritimes.  In  this  fish,  three  or  four 
rays  of  the  forefins  are  developed  separately  to 
look  like  claws.  With  these,  it  feels  along  the 
bottom  and  pulls  itself  forward  or  backward  so 
that  it  looks  as  if  it  is  walking. 

Swordfish.  The  adult  swordfish  has  no  scales. 
It  may  grow  to  great  size,  sometimes  16  feet 
long  and  weighing  300  lbs.  It  is  found  in  the 
Atlantic  from  Newfoundland  to  Florida,  and 
in  the  Pacific  off  the  coast  of  southern  Cali- 
fornia. 

Blue-headed  wrasse.  A surface  fish  abundant 
in  the  tropical  zone,  where  it  is  found  among 
the  coral  reefs.  It  may  also  extend  into  the 
temperate  zone  along  rocky  parts  of  the  coast 
that  are  overgrown  with  seaweed. 

Electric  s\ate.  A tropical  member  of  the  ray 
family.  Rays  and  skates  are  flat  and  live  on  the 
bottom  of  the  ocean.  The  electric  skate  is  so 
called  because  it  has  certain  muscles  capable  of 
storing  electrical  energy  and  discharging  it 
when  attacked  by  an  enemy. 

Moorish  idol.  Tropical  fish  of  the  middle 
and  eastern  Pacific. 

Tarpon.  Found  in  southern  waters  around 
Florida.  Also  called  Silver  King  because  of  its 
large  size  and  silvery  appearance. 

Sea  horse.  Although  it  does  not  look  much 
like  a fish,  it  has  fish  parts.  It  swims  upright, 
using  a fin  on  its  back.  It  is  covered  with  bony 
plates  and  hangs  onto  seaweed  with  its  tail. 
It  is  the  only  fish  that  can  use  its  tail  this  way. 
It  is  a very  small  animal,  usually  about  five 
inches  long.  This  unusual  fish  is  found  only  in 
salt  water,  and  is  most  common  in  sub-tropical 
areas  of  the  Atlantic  and  Pacific  Oceans. 

Procedure 

After  the  children  have  observed  a live  fish 
in  an  aquarium  to  find  the  structure  of  fish, 
have  them  read  pages  30-31.  Be  sure  that  the 
children  understand  the  difference  between 
fish  and  reptiles.  Review  the  meaning  of  cold- 


blooded. Bring  out  the  fact  that  a fish’s  blood 
is  colder  when  the  fish  swims  in  cold  water 
than  it  is  when  the  fish  is  in  warmer  water. 

Questions  (Page  31) 

1.  Has  fins  and  breathes  with  gills. 

2.  Have  skin  usually  covered  with  scales; 
are  cold-blooded. 

3.  Fish  have  fins  and  breathe  with  gills. 

What  are  amphibians?  (Pages  31-32) 

Concepts 

1.  Amphibians  are  alike  in  these  ways: 

a)  Amphibians  breathe  with  gills  when 
young;  with  lungs  when  grown. 

b ) Amphibians  are  covered  with  skin. 

c ) Amphibians  are  cold-blooded. 

2.  By  careful  observation  and  reading,  it  is 
usually  possible  to  find  out  what  an  unfamiliar 
animal  is. 

Information  for  the  teacher 

Pictures.  Page  32.  The  toad  is  a Fowler’s 
toad,  which  is  slightly  smaller  than  our  common 
American  toad.  The  salamander  is  the  slimy 
salamander,  one  of  the  forest-dwelling  sala- 
manders found  in  eastern  and  central  Canada. 

Procedure 

Have  the  children  read  pages  31-32,  which 
tell  how  the  class  was  able  to  identify  an  un- 
familiar animal.  This  shows  the  significance 
of  animal  groups  and  how  identifying  animals 
is  made  easier  by  dividing  them  into  groups. 
Develop  the  meaning  of  the  word  amphibian. 
Most  of  the  children  have  heard  about  amphib- 
ian airplanes  that  can  take  off  or  land  on  either 
water  or  land.  By  observing  frogs,  toads,  or 
salamanders  and  reading  pages  31-32,  the  chil- 
dren can  find  out  what  an  amphibian  is.  They 
should  then  place  the  amphibians  in  their  col- 
lection beside  the  label  Amphibians. 

Questions  (Page  32) 

1.  Observing  and  reading. 

2.  Cold-blooded. 
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3.  Different  from  fish:  covered  with  skin; 
have  lungs  when  full-grown.  Different  from 
reptiles:  covered  with  skin;  have  gills  when 
young. 

How  are  all  insects  alike? 

(Pages  33-36) 

Concepts 

1.  Insects  have  a hard  covering  on  the  out- 
side of  their  bodies  instead  of  a skeleton  of 
bones. 

2.  All  insects  are  alike  in  these  ways: 

a)  Insects  have  six  legs. 

b ) Insects  have  two  feelers. 

c ) Insects  have  bodies  that  are  divided 
into  three  parts. 

d)  Insects  have  a hard  covering  on  the 
outside  of  their  bodies. 

e)  Insects  breathe  through  breathing 
holes  along  the  sides  of  their  bodies. 

Information  for  the  teacher 

Pictures.  Page  33.  This  is  a diagram  repre- 
senting the  parts  of  an  ideal  insect.  Insects  that 
will  be  brought  in  will  doubtless  show  varia- 
tions from  this.  In  many  insects,  the  three 
parts  of  the  body  may  be  fused  so  that  they 
will  not  be  so  clearly  discernible.  Some  insects 
have  only  two  wings.  A few,  such  as  aphids  or 
plant  lice,  have  none.  In  others,  such  as  beetles, 
the  hard  outer  wings  meet  in  the  middle  of  the 
back  and  form  a cover  for  a second  pair  of 
wings  underneath. 

Page  34.  Children  probably  know  some  of 
these  insects.  The  less  familiar  ones  are: 
Water  strider.  Commonly  found  on  the  sur- 
face of  quiet  ponds  or  slow  streams.  They  are 
able  to  glide  over  the  surface  without  breaking 
it  because  their  hairy  legs  do  not  get  wet. 

Damsel  fly.  Common  in  marshes  or  near 
shallow  pools  where  there  is  some  vegetation. 
They  belong  to  the  group  of  insects  known  as 
darning  needles. 

Long-horn  beetle.  One  of  a group  having 
very  long  antennae.  Several  species  of  long- 
horned beetles  are  found  in  Canada. 
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Ground  beetle.  Found  under  cover  in  gar- 
dens, fields,  and  open  woods.  They  are  helpful 
insects  because  they  eat  the  caterpillars  of  sev- 
eral harmful  moths. 

Electric  tumblebug.  One  of  a widely  distrib- 
uted group  of  beetles  that  characteristically  roll 
their  food  up  into  balls  and  roll  it  ahead  of 
them  to  their  nests. 

Page  35.  In  this  picture  are  three  insects  and 
three  animals  belonging  to  groups  often  con- 
fused with  insects. 

Insects.  Luna  moth.  Found  in  southern 
Canada  as  far  west  as  the  prairies.  The  cater- 
pillar feeds  on  hickory,  walnut,  and  several  other 
forest  trees.  It  makes  a thin  cocoon  of  silk  and 
leaves  on  the  ground. 

Swallowtail  butterfly.  This  is  the  zebra  swal- 
lowtail, which  is  fairly  common  in  eastern 
Canada.  The  markings  may  vary  somewhat  in 
different  specimens  as  this  butterfly  has  several 
different  forms.  The  caterpillar  feeds  on  the 
leaves  of  the  pawpaw  tree. 

Praying  mantis.  Various  species  found 
throughout  southern  Canada.  The  front  two 
legs  are  used  for  capturing  other  insects.  It 
holds  these  legs  up  as  if  it  were  praying  while 
waiting  for  some  insect  to  come  along. 

Other  groups.  The  spider  and  the  daddy- 
longlegs belong  to  the  group  known  as  arach- 
nids. Arachnids  have  four  pairs  of  legs,  no 
wings,  and  no  antennae.  Scorpions  and  taran- 
tulas are  also  arachnids. 

House  centipede.  Belongs  to  another  group, 
the  myriapods,  which  means  many-legged  ani- 
mals. The  house  centipede  may  be  found  in 
damp  basements. 

Text.  For  information  on  how  to  keep  in- 
sects alive  in  the  classroom,  see  page  241.  A 
bulletin  that  may  also  be  helpful  is:  Live  In- 
sects in  the  Classroom,  published  as  Audubon 
Nature  Bulletin,  fourth  in  a set  about  insects. 
(See  the  Bibliography,  page  252  of  this  Guide- 
book) 

Procedure 

Use  the  procedure  on  page  33  of  the  text. 
So  that  each  child  can  have  an  insect  to  ob- 


serve,  have  on  hand  many  live  and  dead  in- 
sects, such  as  grasshoppers,  crickets,  ants,  bees, 
wasps,  and  flies.  As  a child  answers  the  ques- 
tions for  the  insect  he  has  observed,  write  his 
answers  on  the  blackboard.  The  class  should 
then  notice  the  sameness  of  these  answers  to 
questions  asked  about  different  insects. 

The  first  three  questions  can  probably  be 
answered  with  little  help  from  the  teacher. 
Have  the  class  read  page  33  and  the  left-hand 
column  of  page  34  to  check  their  answers.  The 
children  may  be  somewhat  uncertain  about  the 
answer  to  the  fourth  question.  Have  them  read 
the  right-hand  column  of  page  34  to  clear  up 
any  doubts  about  the  coverings  of  insects. 

The  fifth  question  may  require  additional 
help  from  the  teacher,  since  the  breathing  holes 
are  not  easily  seen  on  all  insects.  It  is  therefore 
a good  plan  to  have  the  class  see  these  holes, 
which  look  like  black  dots,  along  the  sides  of 
a grasshopper.  A magnifying  glass  will  aid 
these  observations.  Then  have  the  class  read 
the  first  two  paragraphs  on  page  35  for  further 
understanding  of  what  they  have  seen. 

Now  the  children  are  ready  to  check  their 
list  of  the  ways  in  which  all  insects  are  alike 
with  the  list  on  page  35.  The  class  may  reread 
pages  33-36,  comparing  their  own  remarks  and 
observations  with  those  of  the  boys  and  girls 
in  the  book.  At  this  point,  stress  the  names  for 
the  parts  of  the  body  given  on  pages  33-34. 
Have  the  children  find  these  parts  on  the  in- 
sects that  they  examined. 

Be  sure  that  the  class  understands  why  ani- 
mals such  as  the  spider,  daddy-longlegs,  and 
centipede  are  not  insects.  If  possible,  have  speci- 
mens of  these  animals  for  the  children  to 
observe  so  that  they  can  see  that  all  of  these 
animals  have  more  than  six  legs.  The  class  can 
then  place  all  the  insects  in  their  collection  be- 
side the  label  Insects . 

Questions  (Page  36) 

1.  Have  six  legs,  two  feelers;  body  divided 
into  three  parts;  hard  covering  on  the  outside 
of  their  bodies;  breathe  with  holes  along  sides 
of  their  bodies. 


2.  Through  holes  along  the  sides  of  their 
bodies. 

3.  All. 

4.  A bee  is  an  insect. 

5.  It  has  eight  legs  and  two  parts  to  its 
body. 

6.  List  will  probably  include  flies,  bees,  but- 
terflies, grasshoppers,  ants,  mosquitoes,  crickets, 
wasps,  moths,  beetles,  etc. 

Are  there  other  groups  of  animals? 
(Pages  36-37) 

Concepts 

1.  There  are  other  groups  of  animals  be- 
sides those  mentioned  in  the  text. 

2.  These  groups  of  animals  have  no  skele- 
ton of  bones  inside  their  bodies. 

Information  for  the  teacher 

There  are  many  common  animals  without 
backbones  besides  insects,  which  the  children 
may  bring  in  for  their  collection.  This  will  be 
especially  true  in  the  regions  along  the  coasts, 
where  starfish,  sea  urchins,  and  other  inverte- 
brates are  found  on  the  beach  and  in  the  tide 
pools. 

Animals  such  as  snails,  clams,  and  other 
animals  that  live  in  shells  belong  to  the  group 
called  molluscs.  These  have  soft  bodies  pro- 
tected by  a hard  shell. 

Starfish  and  sea  urchins  belong  to  the  echi- 
noderms,  or  spiny-skinned  animals.  The  little 
round  white  shell  in  the  picture  of  the  sea 
urchin  on  page  37  is  what  is  left  when  the 
animal  dies  and  the  spines  have  broken  off. 
Such  shells  are  often  found  on  the  beach  or  in 
tide  pools.  Living  specimens  are  usually  found 
in  pools. 

Earthworms  and  leeches  belong  to  another 
group  of  animals  commonly  called  worms. 
These  animals  have  no  bones  and  no  protective 
shells.  They  have  segmented  bodies. 

Crayfish,  crabs,  lobsters,  and  shrimps  belong 
to  the  group  known  as  crustaceans,  or  shell 
animals.  They  have  a hard  outer  covering  as 
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the  insects  do.  This  is  a different  kind  of  shell 
from  the  one  that  clams,  oysters,  etc.,  have. 

These  animals  belong  to  the  other  groups 
of  invertebrates  and  are  often  a great  source 
of  interest  to  children.  A good  pond  book  and 
a good  seashore  book  are  valuable  to  have  at 
hand  when  studying  this  lesson.  See  the  Bib- 
liography on  page  252  of  this  Guidehoo\. 

In  preparation  for  the  next  lesson,  on  plants, 
ask  the  children  to  look  for  some  plants  that 
have  flowers  or  seeds  and  to  bring  them  for  the 
next  class  meeting. 

Procedure 

Have  the  class  read  pages  36  and  37  about 
other  groups  of  animals.  As  they  place  animals 
from  their  collection  beside  the  label  Other 
Animal  Groups , ask  why  the  animal  is  not  a 
mammal,  a bird,  a fish,  a reptile,  an  amphibian, 
or  an  insect.  This  offers  an  opportunity  for  a 
good  review  of  those  groups. 

What  are  the  two  big  groups  of 
plants?  (Pages  38-43) 

Concepts 

1.  Plants  may  be  divided  into  different 
groups  according  to  their  structure. 

2.  Many  plants  have  roots,  stems,  leaves, 
flowers,  and  seeds. 

3.  Plants  are  divided  into  two  big  groups: 

a ) Plants  that  have  seeds. 

b)  Plants  that  do  not  have  seeds. 

4.  Some  plants  that  have  seeds  grow  their 
seeds  in  flowers. 

5.  Some  plants  that  have  seeds  grow  their 
seeds  in  cones. 

6.  Plants  that  do  not  make  seeds  have  spores. 

Information  for  the  teacher 

Pictures.  Page  38.  The  children  in  this  pic- 
ture of  an  elementary  science  class  are  studying 
the  different  kinds  of  evergreens  as  an  autumn 
plant  activity.  This  method  of  getting  practice 
in  observing  characteristics  and  describing 
them  can  be  adapted  to  other  kinds  of  trees 
and  other  plants.  The  evergreens  are  an  ex- 


cellent source  of  plant  material  if  this  part  of 
the  unit  is  studied  after  frost  has  killed  most 
of  the  other  plants. 

Pages  40-41.  Many  tree  flowers  are  so  incon- 
spicuous that  they  are  hardly  noticed.  The 
pussy  willow  and  the  black  walnut  belong  to 
the  group  of  plants  having  their  flowers  in  cat- 
kins. The  individual  flowers  are  very  tiny  and 
are  grouped  together  along  a spike  called  a 
catkin  that  sticks  up  as  in  the  pussy  willow 
or  that  hangs  down  as  in  the  black  walnut  or 
in  the  cottonwood. 

Maple  flowers  are  tiny,  too.  Those  of  the 
sugar  maple,  shown  on  page  40,  have  long 
stalks  and  hang  down.  Other  maples  have  their 
flowers  on  short  stalks  so  that  you  must  look 
closely  at  the  branches  to  see  them. 

The  fern  is  the  marginal  fern,  so  called 
because  the  spore  cases  are  found  along  the 
margins  of  the  leaves.  It  grows  in  rich,  rocky 
woodlands. 

Puffballs  look  white  or  delicate  pink  when' 
they  are  fresh.  They  turn  brown  like  the  ones 
in  the  picture  when  they  are  ready  to  shed 
spores.  Puffballs  grow  in  various  places:  on 
old  logs,  at  the  bases  of  tree  trunks,  and  some 
in  open  fields  where  they  may  grow  very  large. 

Page  42.  This  mushroom  is  the  dangerous 
“fly”  agaric  or  “fly”  Amanita,  one  of  the  most 
poisonous  mushrooms.  It  is  found  very  widely 
in  this  country  in  late  summer  and  early  au- 
tumn in  woods  and  along  roads  near  trees. 
It  should  not  be  touched. 

Text.  Page  40.  If  the  children  look  at  a sun- 
flower or  similar  plant,  they  will  probably  re- 
mark that  the  seeds  are  not  in  a pod  as  they 
are  in  the  bean.  Plants  in  the  group  to  which 
sunflowers,  dandelions,  and  similar  flowers  be- 
long, do  not  have  pods  or  other  types  of  seed 
containers  holding  many  seeds.  Each  “seed”  is 
really  a pod,  or  fruit,  containing  one  seed.  The 
seed  is  so  closely  joined  to  its  container  or  pod 
that  the  two  cannot  readily  be  separated. 

The  botanical  meaning  of  fruit  is  not  used 
here  as  it  is  not  necessary  to  the  development 
of  the  concepts  in  this  unit.  In  the  event  that 
it  has  been  taught  earlier  (as  in  How  Do  We 
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Know?)  make  sure  that  it  is  clear  that  fruit 
simply  means  the  part  that  develops  from  part 
of  the  flower  and  holds  the  seeds. 

The  children  may  bring  in  various  fruits 
since  this  unit  is  taught  in  the  fall.  The  milk- 
weed pod  is  a fruit  that  may  be  brought  in. 
Nuts  are  really  fruits,  too.  The  seed  is  the  part 
that  we  eat.  However,  it  is  not  necessary  to 
make  this  distinction  at  this  level  unless  the 
question  is  brought  up  by  the  pupils. 

Page  41.  Grass  flowers  are  hard  to  see  with- 
out a magnifying  glass.  Because  barley,  wheat, 
oats,  and  corn  are  all  members  of  the  grass 
family,  the  flowers  of  these  plants  may  be  used 
in  the  study  of  grass  flowers.  Botany  textbooks 
have  enlarged  drawings  and  photographs  of 
grass  flowers  that  may  be  studied. 

Leaves  of  ferns  are  more  correctly  called 
fronds.  Fronds  that  have  spores  may  easily  be 
obtained  from  a greenhouse.  Spores  are  not  at 
all  like  seeds  in  structure,  but  they  act  as  seeds 
in  that  new  plants  grow  from  them. 

Puffballs  may  not  be  obtainable,  but  the  idea 
of  spores  can  be  developed  by  using  the  fern  as 
an  example  of  a spore-bearing  plant. 

Page  42.  The  term  toadstool  is  popularly 
applied  to  poisonous  mushrooms  such  as  the 
one  on  this  page.  To  a scientist,  there  is  no  such 
classification  as  toadstool.  Mushroom  is  a broad 
term  that  covers  all  the  fleshy  fungi,  whether 
edible  or  not.  This  includes  mushrooms  of  the 
umbrella  type,  the  puffballs,  and  other  less 
common  forms. 

Children  at  the  shore  may  bring  in  seaweeds. 
The  seaweeds  belong  to  the  group  of  plants 
known  as  algae . The  seaweeds  usually  col- 
lected belong  to  the  groups  of  brown  or  red 
algae.  Some  of  the  seashore  books  in  the  Bib- 
liography will  give  helpful  information  about 
some  of  the  algae  commonly  collected. 

Salt-water  algae  are  difficult  to  keep  alive 
unless  a supply  of  sea  water  is  easily  obtainable. 
They  make  a fine  collection,  however,  when 
mounted  on  cards  or  large  sheets  of  paper  and 
dried  flat.  (See  Things  to  Do,  page  45,  No.  7.) 

The  characteristic  that  separates  the  seed- 
bearing plants  into  two  groups  is  the  way  in 


which  the  seeds  are  borne.  The  ones  with  flow- 
ers have  their  seeds  in  closed  containers  or 
fruits.  The  ones  with  cones  have  the  seeds  in 
open  containers,  that  is,  at  the  bases  of  the 
scales  of  the  cones.  When  the  cones  ripen,  the 
scales  spread  apart  and  allow  the  seeds  to  fall. 

Procedure 

Have  the  class  read  pages  38-39.  Stress  the 
fact  that  plants  have  structure,  just  as  animals 
do.  Use  the  garden  plants  that  the  children 
have  brought  to  school  and  follow  the  proce- 
dure used  by  the  teacher  in  the  text  in  studying 
them.  Have  the  children  observe  the  plants 
carefully  to  see  that  the  seeds  are  formed  in  the 
flowers. 

Now  have  the  children  read  page  40  and  the 
first  two  paragraphs  on  page  41.  Ask  the  chil- 
dren to  find  different  tree  seeds,  such  as  those 
of  the  oak  or  maple.  (If  the  children  should 
bring  in  the  seeds  that  grow  in  cones,  refer 
them  to  the  last  paragraph  on  page  42  and  page 
43  for  an  explanation.) 

Ask  the  class  whether  they  have  ever  seen 
flowers  or  seeds  on  a fern.  Follow  the  procedure 
of  the  teacher  in  the  text  in  her  method  of  pre- 
senting plants  without  seeds  and  in  stressing 
the  important  points.  Have  the  children  read 
the  rest  of  page  41  and  page  42  up  to  the  last 
paragraph  to  check  their  findings. 

Then  have  the  children  read  the  last  para- 
graph on  page  42  and  page  43  if  they  have  not 
already  done  this.  The  class  should  now  sort 
the  plants  in  their  collection  into  two  groups: 
(1)  those  that  have  flowers  and  seeds  and  (2) 
those  that  have  no  flowers  and  no  seeds.  Each 
group  should  be  put  with  its  label. 

Ask  the  children  to  compare  their  collection 
with  the  one  shown  in  the  pictures  on  pages 
44-45.  Have  them  name  the  things  in  each 
group  shown  in  the  pictures  and  tell  why  each 
one  belongs  in  that  group.  For  example,  the 
wooden  basket  at  the  far  right  on  page  45  be- 
longs with  the  non-living  things,  because  a 
basket  cannot  carry  on  any  of  the  activities  of 
a living  thing  even  though  it  is  made  of  wood 
that  was  once  part  of  a living  thing. 
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Questions  (Page  43) 

1.  Has  red  flowers;  has  roots,  stems,  leaves; 
has  a short,  thick  root;  has  big,  thick  leaves; 
has  seeds  and  flowers;  has  spores. 

2.  In  part  of  the  flower. 

3.  With  seeds:  snapdragon,  bean,  sunflower, 
sweet  pea,  petunia,  pea,  bean,  aster,  pansy, 
pussy  willow,  maple,  beech,  hickory,  walnut, 
apple,  horse  chestnut,  locust,  grass,  corn,  wheat, 
pine,  spruce,  fir,  hemlock.  Without  seeds:  fern, 
puffball,  mushroom,  moss,  seaweed. 

Questions  to  answer  (Page  44) 

1.  The  answer  to  this  would  of  course  de- 
pend on  the  kinds  of  buttons  in  the  collection. 
But  they  could  be  divided  on  the  basis  of  these 
differences : size  (large  or  small) ; material 
(wooden  or  pearl);  shape;  color;  number  of 
holes  or  loops;  etc. 

2.  Look  at  the  things  carefully.  Find  out 
how  they  are  alike  or  different  in  structure  and 
put  the  things  that  are  alike  in  the  same  group. 

3.  Have  six  legs  and  a body  divided  into 
three  parts. 

4.  No.  You  would  need  to  examine  a great 
many  insects  before  you  could  make  a state- 
ment about  all  insects. 

5.  Look  at  its  structure  carefully  and  decide 
what  big  group  of  animals  it  belongs  in.  Look 
in  a book  that  deals  with  this  group.  Compare 
its  structure  with  that  of  the  animals  in  the 
book.  Go  to  a museum  or  ask  someone  else 
who  knows. 

6.  Living  Things  Non-living  Things 


Mouse 

Peach  tree 

Nail 

Cricket 

Turkey 

Rock 

Toad 

Sheep 

Bottle 

Geranium 

Duck 

Pen  point 

Mushroom 

Grasshopper 

Paper  clip 

Moss 

Salmon 

Snake 

Alligator 

Sunfish 

Frog 

Penguin 

Pine  tree 

Ant 

Dandelion 

Fox 

Orange 
Oak  tree 

Mam-  Am - 

mal  Bird  Reptile  Fish  phibian 

Mouse  Penguin  Snake  Sunfish  Toad 

Fox  Turkey  Alligator  Salmon  Frog 

Sheep  Duck 


Plants 

Plants 

Insect 

with  Seeds 

without  Seeds 

Cricket 

Geranium 

Mushroom 

Ant 

Peach  tree 

Moss 

Grasshopper 

Pine  tree 
Dandelion 
Orange 
Oak  tree 

Things  to  do  (Page  45) 

1.  If  there  is  a zoo  in  your  town  or  city,  a 
visit  would  be  an  interesting  and  valuable 
experience. 

2.  Pictures  may  be  found  in  newspapers  and 
magazines. 

3.  Individual  activity. 

4.  This  may  be  used  as  an  individual  or 
class  activity. 

5.  Use  as  a class  field  trip. 

6.  A good  review  activity. 

7.  Seaweeds  may  be  mounted  by  placing 
them  in  a shallow  pan  of  water  and  floating 
the  specimens  onto  a sheet  of  heavy  mounting 
paper  in  as  nearly  normal  position  as  possible. 
(The  finely  divided  or  feathery  ones  can  be 
straightened  out  by  shooting  water  onto  them 
with  a medicine  dropper.)  Carefully  drain  off 
the  excess  water  and  cover  the  specimen  with 
a piece  of  cheesecloth.  Place  the  sheet  between 
driers,  such  as  blotting  paper.  Then  apply  some 
pressure  to  flatten  the  sheet  and  help  make 
the  specimen  stick  to  the  sheet.  After  they  are 
dry,  remove  the  cheesecloth.  The  specimen  will 
remain  fixed  to  the  sheet  of  paper. 

8.  A bat  is  a mammal. 

9.  Snakes  destroy  harmful  pests  such  as  in- 
sects, mice,  rats,  and  other  rodents.  Several 
books  and  magazines  are  suggested  in  the 
Bibliography  on  page  252. 

10.  A whale  is  a mammal. 
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UNIT 


Why  Do  All  Living  Things  Need  Air  and  Water? 


Purpose  and  scope 

Unit  1 brought  out  the  fact  that  all  living 
things  can  breathe.  The  unit  told  how  each 
of  the  major  animal  groups  get  air  into  their 
bodies.  It  explained  that  plants  breathe;  but  be- 
cause other  major  concepts  were  being  stressed, 
it  did  not  explain  how  plants  breathe.  In  this 
unit,  therefore,  some  important  facts  about  air 
are  developed  so  that  the  child  will  understand 
how  plants  breathe,  that  plants  and  animals 
must  have  oxygen  to  stay  alive,  and  that  plants 
use  carbon  dioxide  to  make  food.  In  like  man- 
ner, such  pertinent  facts  about  water  are  intro- 
duced as  are  necessary  to  an  understanding  of 
why  animals  and  plants  need  water  in  order 
,to  use  or  make  food.  After  studying  this  unit, 
the  class  will  understand  why  the  plants  and 
animals  in  their  classroom  must  be  supplied 
with  plenty  of  air  and  water  to  stay  alive. 

Science  background 

All  Around  Us:  Unit  4,  Plants 

How  Do  We  Know?:  Unit  3,  Plants 

Discovering  Our  World , Boo\  One:  Unit  1, 
How  Are  the  Things  of  the  World  Put  in 
Groups  ? 

General  concepts 

1.  Air  is  a material. 

2.  Everything  in  the  world  is  either  a solid, 
a liquid,  or  a gas. 

3.  Air  is  found  in  every  place  that  is  not 
filled  by  something  else. 

4.  Living  things  must  have  oxygen  to  live. 

5.  Plants  use  carbon  dioxide  from  the  air  to 
make  food. 

6.  Water  is  found  on  the  surface  of  the 
earth,  in  the  ground,  and  in  the  air. 

7.  Water  evaporates. 

8.  Water  vapor  condenses. 

9.  Solid  materials  can  be  dissolved  in  liquids. 


10.  Water  is  needed  to  dissolve  foods  before 
living  things  can  use  them. 

11.  Water  provides  the  liquid  part  of  the 
blood  that  carries  food  and  oxygen  throughout 
the  body. 

Introducing  the  unit  (Pages  47-48) 

Information  for  the  teacher 

Pictures.  Page  46.  Road  through  forest  of 
saguaros,  or  tree  cacti,  in  a desert  scene. 

Page  47.  The  names  of  the  desert  plants  and 
animals  are,  from  left  to  right:  chuckwalla 
(herbivorous  lizard),  prickly-pear  cactus,  taran- 
tula (spider  family),  ocotillo  cactus,  scorpion, 
barrel  cactus,  desert  antelope  (ground  squirrel), 
desert  horned  toad  (insectivorous  lizard),  kan- 
garoo rat,  saguaro  cactus  (tree  cactus),  pigmy 
owl  (in  tree  cactus). 

Procedure 

To  begin  this  unit,  have  the  pupils  recall  that 
to  keep  their  plants  and  animals  alive,  the 
children  must  provide  water  and  air.  Mention 
that  the  insects  die  if  shut  up  in  a tight  can, 
and  then  ask,  “But  why  must  plants  and  ani- 
mals have  air  and  water?”  Then  have  the 
children  read  pages  47-48  and  tell  about  any 
experiences  they  may  have  had  with  needing 
air  and  water  themselves  or  with  caring  for 
plants  and  animals. 

What  is  air?  (Pages  48-50) 

Concepts 

1.  Air  is  a material.  Like  any  other  material, 
it  takes  up  room. 

2.  Everything  in  the  world  is  either  a solid, 
a liquid,  or  a gas. 

3.  Air  is  a mixture  of  gases. 

4.  Oxygen  and  carbon  dioxide  are  two  im- 
portant gases  in  air. 
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Experiments  and  observations 

Pages  48-49:  To  find  out  whether  air  is  a 
material. 

Materials  : Deep  pan,  cork  or  chip  of  wood, 
glass,  water,  paper  bag. 

Procedure 

A somewhat  dramatic  approach  to  the  sub- 
ject of  air,  such  as  having  the  class  guess  what 
is  in  an  “empty”  box  or  waste  basket  that  has 
been  wrapped  as  a gift,  will  quickly  stimulate 
their  interest  and  curiosity.  After  they  find  out 
that  the  box  or  waste  basket  is  filled  with  air, 
they  naturally  want  to  know  what  air  is.  Then 
have  them  read  the  first  paragraph  on  page  48. 

The  materials  for  the  experiments  on  pages 
48-49  should  be  on  hand.  As  was  mentioned 
earlier  in  this  Guideboo\,  it  is  a good  plan  to 
choose  a committee  of  several  boys  and  girls  to 
be  responsible  for  the  materials  needed  to  per- 
form the  many  experiments  given  in  the  book. 
These  pupils  could  acquaint  themselves  with 
what  materials  they  will  need  the  day  before 
an  experiment  is  to  be  done  and  arrange  to  have 
these  materials  available. 

Have  the  children  perform  the  experiment 
with  the  glass,  cork  or  chip  of  wood,  and  pan 
of  water.  A good  way  to  do  this  is  to  have  one 
child  read  a direction  and  another  child  carry 
out  the  direction.  Sufficient  time  should  be 
given  for  observation  and  discussion  by  the 
entire  class.  Then  many  children  should  be 
given  the  opportunity  of  trying  the  experiment 
to  feel  how  the  glass  should  be  pushed  down 
into  the  water.  Make  certain  they  see  that  the 
cork  or  chip  is  on  the  bottom  of  the  pan  when 
the  glass  is  pushed  down  into  the  water.  Since 
these  objects  float,  they,  of  course,  show  the 
height  of  the  water  in  the  glass. 

The  paper  bag  experiment  is  an  excellent  one 
to  show  the  children  that  air  is  a material.  It  is 
not  enough  to  read  about  this  experiment.  They 
need  to  see  the  paper  bag  swell  out  as  air  is 
blown  into  it,  and  they  also  need  to  feel  it.  If 
then  the  bag  is  “popped,”  a loud  noise  is  made 
by  the  air  suddenly  rushing  out  of  the  hole. 
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Have  the  class  read  carefully  and  discuss  the 
remaining  paragraphs  about  air  on  pages  49-50. 
It  is  important  that  children  learn  in  a general 
way  about  solids,  liquids,  and  gases,  as  they  are 
mentioned  in  later  units.  A collection  of  solids, 
liquids,  and  gases  with  labels  by  the  children 
will  help  them  in  this  understanding.  For  an 
activity  that  can  also  be  used  to  extend  this 
understanding,  see  Things  to  Do,  page  65, 
No.  2. 

Questions  (Page  50) 

1.  Water,  air,  food. 

2.  Description  of  experiments  done  on  pages 
48-49. 

3.  Wood  (table  or  chair).  Probably  water  or 
ink.  Air.  No. 

4.  Oxygen  and  carbon  dioxide. 

5.  By  freezing;  by  boiling;  by  melting. 

6.  A solid  keeps  its  shape  and  cannot  be 
poured.  A liquid  can  be  poured. 

Where  is  air  found?  (Pages  50-51) 

Concepts 

1.  Air  is  found  in  every  place  that  is  not 
filled  by  some  other  material. 

2.  Air  is  found  in  soil,  in  water,  and  above 
the  surface  of  the  earth. 

Experiments  and  observations 

Page  50:  To  observe  that  there  is  air  in  cloth. 
Materials:  Piece  of  cloth,  source  of  strong 
light  (window,  electric-light  bulb). 

Pages  50-51 : To  see  that  there  is  air  in  water. 
Materials:  Pan  of  water,  source  of  heat. 
Page  51 : To  observe  that  there  is  air  in  soil. 
Materials  : Glass  of  water,  lump  of  soil. 

Procedure 

When  the  question  of  where  air  is  found  is 
being  considered,  it  is  not  sufficient  to  read  that 
air  is  found  in  the  hundreds  of  little  spaces  in 
cloth,  in  water,  and  in  soil.  These  observations 
and  experiments  should  be  made  by  the  chil- 
dren in  the  simple  ways  suggested  on  pages  50- 
51.  They  might  enjoy  a contest  to  see  who  could 


name  the- most  places  in  the  schoolroom  where 
there  is  air,  such  as  a cupboard,  glass  of  water, 
vase  full  of  soil,  pan,  sponge,  clock,  desk 
drawers,  cloak  room,  etc. 

The  class  will  be  interested  in  discussing  ani- 
mals that  live  in  the  water  but  must  come  to 
the  surface  for  air,  such  as  whales,  seals,  and 
frogs.  It  is  interesting  to  watch  goldfish  breath- 
ing. If  a goldfish  is  placed  in  a small  jar  of 
water,  and  a colored  liquid  (such  as  vegetable 
coloring  used  to  color  candy)  is  dropped  by  a 
medicine  dropper  near  the  mouth  of  the  fish, 
the  children  can  see  the  colored  liquid  go  into 
its  mouth  and  out  over  the  gills. 

How  different  water  insects  breathe  is  always 
interesting.  For  example:  (1)  water  beetles  hold 
air  under  their  wings  and  use  this  air  to  breathe 
when  they  are  under  water;  (2)  one  kind  of 
beetle  takes  a bubble  of  air  under  its  abdomen 
down  into  the  water;  (3)  mosquito  wrigglers 
push  their  tails  above  the  surface  of  the  water 
because  they  breathe  air  through  holes  in  their 
tails.  (If  oil  is  poured  on  the  water,  the  wrig- 
gler cannot  break  through  the  oil  to  get  air; 
and  therefore  it  dies.) 

Questions  (Page  51) 

1.  Above  the  earth;  in  soil;  in  water. 

2.  Wave  a fan  or  a piece  of  paper  in  the  air 
and  feel  air  pushing  against  paper;  heat  water 
and  see  bubbles  coming  out;  drop  soil  into 
water  and  see  bubbles  coming  out. 

3.  Yes.  You  can  blow  some  out  of  your 
lungs  through  your  mouth. 

4.  The  air  is  thinner  up  on  a high  mountain. 

What  part  of  the  air  do  animals  need? 
(Pages  52-53) 

Concepts 

1.  Animals  need  the  oxygen  in  the  air  to 
stay  alive. 

2.  Animals  take  oxygen  from  the  air  when 
they  breathe. 

3.  People  need  oxygen  from  the  air. 

a)  Oxygen  helps  keep  the  body  warm. 

b ) Oxygen  helps  the  body  move. 


Information  for  the  teacher 

Picture.  Page  52.  Formerly,  oxygen  was 
given  only  as  a last  resort;  but  now  it  :is  fre- 
quently given  to  ease  the  patient  and  to  help 
him  conserve  his  strength. 

Procedure 

Have  the  class  read  pages  52-53.  Stress  the 
care  with  which  the  scientist  did  the  experi- 
ment. This  should  prove  an  incentive  to  the 
pupils  to  be  careful  in  their  experiments.  Em- 
phasize that  oxygen  is  needed  to  help  keep  the 
body  warm  and  to  help  the  body  move. 

Questions  (Page  53) 

1.  Whether  animals  needed  all  of  the  air  or 
only  part  of  it. 

2.  He  put  a mouse  into  an  airtight  jar. 
After  the  mouse  stopped  moving,  he  put  some 
oxygen  into  the  jar.  The  mouse  began  to  move 
again. 

3.  That  air  is  a mixture  of  gases. 

4.  Fish  use  up  all  the  oxygen  in  the  water. 

5.  No. 

6.  To  keep  their  bodies  warm  and  to  help 
them  move. 

How  do  plants  get  and  use  air? 

(Pages  54-55) 

Concepts 

1.  Plants  need  air. 

2.  Air  gets  into  plants  through  tiny  open- 
ings in  their  leaves. 

3.  Plants  use  oxygen  from  the  air  in  order 
to  use  food. 

4.  Plants  use  carbon  dioxide  from  the  air  to 
make  food. 

Information  for  the  teacher 

Picture.  Page  54.  Left.  The  tiny  openings 
are  called  stomata  or  stomates  and  are  shaped 
differently  in  different  plants.  They  open  when 
the  cells  around  the  opening  (having  the  green 
coloring  matter)  become  turgid  with  water. 
When  these  cells  lose  water  and  become  less 
turgid,  the  opening  is  closed. 
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Experiment 

Page  54:  To  find  out  how  a plant  gets  air. 

Materials:  Two  small  potted  plants  that  are 
alike,  vaseline. 

Procedure 

If  possible,  have  the  pupils  look  at  a leaf  with 
a low-power  microscope  to  see  the  many  tiny 
openings  through  which  the  plant  breathes,  or 
takes  in  air.  It  must  be  made  very  clear  that 
plants  breathe.  Plants  and  animals  both  breathe 
in  air,  and  they  both  use  the  oxygen  in  the  air. 
But  plants  also  use  carbon  dioxide  in  the  air  to 
make  food.  This  is  treated  in  more  detail  in 
Discovering  Our  World , Boo\  Two:  Unit  8, 
Where  Does  All  the  Food  of  the  World  Come 
From? 

It  is  important  to  have  the  class  carry  on  the 
activity  of  getting  two  small  plants  and  cover- 
ing the  leaves  of  one  with  vaseline  to  clog  up 
the  openings  through  which  it  takes  in  air.  By 
watching  this  plant  die,  the  pupils  can  see  that 
plants,  like  animals,  must  have  air  to  live. 

After  the  pupils  have  examined  a leaf  and 
done  the  experiments  with  the  plants,  let  them 
read  and  discuss  pages  54-55.  They  should  also 
look  at  the  pictures  as  they  carry  on  the  discus- 
sion. 

Questions  (Page  55) 

1.  The  two  plants  were  alike  except  for  the 
vaseline  on  the  leaves  of  one.  In  order  to  show 
that  it  was  the  covering  of  the  holes  with  vase- 
line that  made  the  plant  die,  one  plant  had  to 
be  left  without  vaseline. 

2.  Stone,  dead  tree. 

3.  To  use  food.  To  make  food. 

Where  is  water  found?  (Pages  56-58) 

Concepts 

1.  Water  is  found  on  the  surface  of  the 
earth,  in  the  ground,  and  in  the  air. 

2.  Water  evaporates;  it  can  change  to  a gas 
(water  vapor)  and  disappear  into  the  air. 

3.  Water  is  always  evaporating  from  the 
earth. 


4.  Cold  air  holds  less  water  than  warm  air. 

5.  When  the  air  is  cooled  enough,  water 
vapor  condenses.  It  changes  from  a gas  to  a 
liquid. 

6.  Rain,  hail,  sleet,  snow,  dew,  and  frost  all 
come  from  condensed  water  vapor. 

Experiments  and  observations 

Page  57:  To  show  that  water  evaporates. 

Materials  : Glass,  rubber  band  or  string, 
water,  paper  or  cardboard  for  sign. 

Pages  57-58:  To  find  out  whether  water 
comes  out  of  the  air. 

Materials:  Metal  cup,  very  cold  water  or 
cracked  ice. 

Information  for  the  teacher 

Picture.  Page  56.  An  airplane  view  of  the 
delta  of  the  Mackenzie  River  in  northern 
Canada. 

Text.  Page  57.  Steam  is  also  the  gas,  water 
vapor.  It  is  water  vapor  that  is  formed  when 
water  is  heated  to  boiling. 

Procedure 

Have  the  children  point  to  all  the  bodies  of 
water  they  can  find  on  a large  map  of  the 
world.  Also  ask  them  to  tell  about  the  ponds, 
creeks,  rivers,  lakes,  or  oceans  that  they  have 
seen,  as  well  as  springs  and  wells.  If  the  chil- 
dren go  outdoors  after  a heavy  rain,  they  can 
see  that  part  of  the  water  runs  off  and  part 
soaks  into  the  ground.  Then  have  the  class 
read  page  56  and  the  first  two  paragraphs  on 
page  57. 

The  children  should  perform  the  experi- 
ments on  pages  57-58.  There  are  many  other 
activities  they  can  do  that  will  further  demon- 
strate evaporation,  for  example : making  a mark 
showing  the  height  of  the  water  in  an  aquar- 
ium and  checking  daily  to  see  if  it  remains  the 
same;  washing  a portion  of  the  blackboard  and 
discussing  where  the  water  goes  as  the  black- 
board dries;  watching  water  in  a bird  bath 
gradually  disappear;  watching  a wet  cloth  dry; 
noticing  the  puddles  of  water  disappear  shortly 
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after  a rain;  etc.  As  the  pupils  are  discussing 
these  and  other  experiences,  encourage  them  to 
use  the  terms  evaporate  and  water  vapor. 

After  the  children  have  seen  the  drops  of 
water  on  a metal  cup  filled  with  ice  and  have 
read  page  58,  they  should  have  no  difficulty  in 
understanding  that  water  vapor  condenses  back 
into  a liquid  when  sufficiently  cooled. 

Questions  (Page  58) 

1.  ( a ) Evaporates.  ( b ) Water  vapor  or  a gas. 
(c)  Condenses. 

2.  In  the  ground,  on  the  earth,  in  the  air. 

3.  Cool  it.  The  experiment  with  the  metal 
cup  showed  this. 

4.  Drops  of  water  appear  on  the  outside.  The 
pitcher  is  colder  than  the  air  around  it.  The 
air  touching  the  pitcher  is  cooled.  The  water 
vapor  in  this  air  condenses  on  the  pitcher,  be- 
cause cold  air  can  hold  less  water  vapor  than 
warm  air. 

5.  His  glasses  were  cold.  The  warm  air  in 
the  room  that  touched  the  glasses  became 
cooler.  Water  vapor  condensed  from  this  air 
and  collected  on  the  glasses. 

Why  must  plants  have  water? 

(Pages  59-61) 

Concepts 

1.  Solid  materials  can  be  dissolved  in  liquids. 

2.  Water  is  needed  to  dissolve  food  mate- 
rials before  plants  can  use  them. 

a)  Dissolved  food  materials  in  the  soil  are 
carried  into  the  plant  when  the  water  soaks 
into  the  roots. 

b ) Sap,  made  mostly  of  water,  carries 
food  materials  and  food  to  all  parts  of  the 
plant. 

c ) The  food  material  in  a seed  must  be 
dissolved  before  the  young  plant  can  use  it 
for  growing. 

Experiments  and  observations 

Page  59:  To  observe  a solid  dissolving  in  a 
liquid. 


Materials:  Glass  of  water,  sugar  (lump  or 
teaspoonful),  cloth. 

Page  60:  To  observe  how  sap  moves  up  in  a 
plant  through  the  stem. 

Materials:  Stalk  of  celery,  glass  of  water, 
red  ink. 

Pages  60-61 : To  show  that  plants  need  water 
to  grow. 

Materials:  Two  yards  of  white  cloth,  four 
dozen  bean  seeds,  water. 

Information  for  the  teacher 

Picture.  Page  59.  This  is  a view  along  the 
Salmon  River  in  Idaho. 

Procedure 

Have  the  pupils  actually  perform  the  experi- 
ments and  observations  on  pages  59,  60,  and 
61.  Then,  by  discussing  what  happens  and 
reading  the  text,  they  can  check  their  own 
findings.  Stress  the  fact  that  plants  cannot  use 
food  unless  it  is  dissolved  in  water. 

Suggest  that  the  class  think  up  other  experi- 
ments on  dissolving.  Try  many  things,  such 
as  salt,  baking  soda,  cocoa,  soap,  and  fer- 
tilizer to  see  if  they  will  dissolve  in  water.  Or 
sprinkle  fertilizer  on  the  top  of  the  soil  of  two 
pots  containing  plants  that  are  alike.  Water  one 
pot  but  not  the  other  and  watch  what  happens. 
Drop  a lump  of  soil  into  a glass  of  water  and 
later  notice  the  color  of  the  water.  This  shows 
that  some  materials  in  the  soil  have  been  dis- 
solved in  the  water. 

For  additional  activities  that  may  be  used 
in  connection  with  this  problem,  see  Things 
to  Do,  page  65,  Nos.  4 and  8. 

Questions  (Page  61) 

1.  It  dissolves  the  food  materials  that  they 
need  in  the  soil.  It  carries  the  food  materials 
into  the  roots  of  the  plant  and  up  through  the 
stem  to  the  leaves. 

2.  It  dissolves  the  food  and  changes  it  so 
that  the  tiny  plant  inside  the  seed  can  start  to 
grow.  Describe  the  experiment  on  pages  60-61 
or  a similar  one  with  seeds. 
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3.  Dissolves. 

4.  Yes.  Plants  could  not  get  food  materials 
that  they  need  from  the  soil.  They  would  not 
grow,  and  you  would  not  get  any  food. 

5.  The  seeds  need  the  water  to  dissolve  and 
change  the  food  in  the  seeds  so  that  the  tiny 
plants  in  them  can  start  growing. 

6.  ( a ) Water  dissolves  the  necessary  food 
materials  in  the  soil.  ( b ) Water  carries  the 
dissolved  food  materials  into  the  plant  through 
the  roots.  ( c ) Water  carries  the  dissolved  food 
materials  to  all  parts  of  the  plant.  ( d ) Water 
is  needed  by  seeds  of  plants  to  start  them  grow- 
ing. ( e ) Plants  could  not  grow  without  water. 

7.  It  is  a very  dry  region.  Only  near  the 
river  bank  is  there  enough  water  in  the  soil 
to  dissolve  the  food  materials  and  carry  them 
into  the  tree  roots. 

Why  do  animals  need  water? 

(Pages  62-63) 

Concepts 

1.  Water  is  needed  to  make  juices  that  dis- 
solve and  otherwise  change  food  so  that  the 
bodies  of  people  and  animals  can  use  it. 

2.  Water  provides  the  liquid  part  of  the 
blood,  which  carries  food  and  oxygen  through- 
out the  body. 

Information  for  the  teacher 

Picture.  Pages  62-63.  Animals  from  left  to 
right:  Abyssinian  oryx,  Grant’s  gazelle,  giraffe, 
black  rhinoceros,  zebra,  vulturine  guinea  fowls 
standing  against  a nest  of  termites. 

Procedure 

Have  the  children  read  pages  62-63.  Stress 
the  fact  that  water  is  needed  by  people  and 
animals  (1)  to  dissolve  and  change  food  and 
(2)  to  make  blood,  which  carries  food  and  oxy- 
gen throughout  the  body.  Ask  the  class  to  tell 
how  the  blood  in  animals  is  like  the  sap  in 
plants.  To  summarize,  have  the  children  give 
reasons  why  this  statement  on  page  63  is  true : 
“Without  water,  nothing  could  stay  alive  on  the 
earth.” 
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Questions  (Page  63) 

1.  Almost  every  kind  of  animal  must  have 
water  every  day;  animals  need  water  to  dis- 
solve and  change  their  food  so  that  their  bodies 
can  use  it;  the  blood  of  animals  is  made  up 
mostly  of  water;  blood  carries  food  and  oxy- 
gen to  all  parts  of  the  body. 

2.  Your  body  must  have  certain  juices  to  dis- 
solve and  change  the  food  before  it  can  be  used. 
Water  is  needed  to  make  che  juices. 

3.  Dry. 

Questions  to  answer  (Page  64) 

Picture:  The  window  was  very  cold.  Water 
vapor  in  the  air  touching  the  window  con- 
densed to  make  frost  on  the  window. 

1.  He  does  not  get  enough  oxygen.  He  can- 
not breathe;  he  cannot  live  without  breathing. 

2.  The  air  above  the  earth  is  so  thin  that  it 
does  not  have  enough  oxygen  in  it  to  support 
life. 

3.  Oxygen.  Carbon  dioxide. 

4.  Bubbles  of  air  in  the  water  give  it  a milky 
look. 

5.  If  the  water  comes  from  wells,  it  comes 
from  ground  water  down  in  the  earth.  It  may 
also  come  from  springs,  lakes,  rivers,  streams, 
or  reservoirs  behind  dams. 

6.  A desirable  number  is  six  or  eight.  Your 
body  needs  plenty  of  water  for  changing  and 
dissolving  your  food  so  that  you  can  use  it. 
You  need  it  to  make  blood  to  carry  food  and 
oxygen  around  in  your  body. 

7.  Wilted.  The  leaves  droop,  and  the  stem 
may  bend  over. 

8.  They  may  wilt,  dry  up,  and  die;  or  they 
may  grow  so  slowly  or  stay  so  small  that  they 
do  not  ripen  before  the  growing  season  is  over. 

9.  They  are  more  exposed  to  the  air  if  they 
are  hung  up.  The  water  goes  off  into  the  air 
more  quickly. 

10.  Water  evaporates  more  quickly  when 
the  air  is  dry.  The  wind  blows  away  the  air 
full  of  water  that  has  come  from  the  clothes 
and  brings  dry  air  that  has  room  for  more 
water  next  to  the  clothes. 


Things  to  do  (Page  65) 

1.  Probably  by  ventilation  from  windows  or 
by  fans  run  in  connection  with  the  heating 
plant.  Ask  the  school  engineer. 

2.  ( a ) Do  an  experiment  similar  to  the  one 
on  page  48.  ( b ) Melt  something,  (c)  Boil  some 
water  away  or  let  some  liquid  stand  in  an  open 
dish  or  pan.  (d)  Freeze  some  water  or  let  some 
melted  paraffin  harden. 

3.  See  Divers  or  Diving  in  an  encyclopedia. 

4.  The  colored  parts  are  the  fibrovascular 
bundles.  They  will  appear  buried  in  the  stem. 
(In  the  experiment  on  page  60,  this  is  the  rea- 
son you  could  not  see  the  red  lines  up  the  stem 
from  the  outside  if  the  stalk  of  celery  that  you 
used  was  a thick  one.) 

5.  (a)  A dandelion  has  a long,  thick  tap- 
root that  goes  down  farther  into  the  soil  than 
grass  roots  do.  Grass  roots  spread  out  more, 
and  they  are  nearer  the  surface  of  the  soil. 


(b)  Water  is  lost  first  from  the  top  layer  of 
soil  during  dry  weather.  The  plant  with  deeper 
roots  stays  green  longer. 

6.  Veins  of  leaves  are  easily  seen. 

7.  The  fruit  should  be  heated  at  a low  tem- 
perature. All  fleshy  fruits  contain  a large 
amount  of  water. 

8.  They  have  very  small  leaves  or  leaves  re- 
duced to  spines  so  that  water  is  not  lost  from 
them  by  evaporation.  Sometimes  the  leaves 
and  stems  are  fleshy,  and  water  is  stored  in 
them.  The  plants  can  use  this  water  during 
long  periods  when  there  is  no  rain.  They  have 
long  root  systems  that  spread  out  far  from  the 
plant,  taking  in  all  possible  water.  (See  a gen- 
eral botany  book  or  the  children’s  encyclope- 
dias.) 

10.  A general  science  book,  a beginning 
chemistry  book  for  high  school,  or  the  chil- 
dren’s encyclopedias  will  supply  this  informa- 
tion. 


UNIT 


How  Does  Your  Body  Work? 


Purpose  and  scope 

The  purpose  of  this  unit  is  to  explain  how 
the  human  body  works  and  not  just  to  teach  the 
structure  of  the  body.  The  structure  that  is 
given  is  only  that  which  is  necessary  for  the 
child  to  understand  why  the  human  body  can 
do  what  it  does.  The  material  in  this  unit  fur- 
nishes the  scientific  background  for  the  health 
units  often  taught  in  this  and  later  grades.  In 
fact  this  unit,  together  with  Unit  7,  furnishes 
appropriate  material  for  the  health  course  in 
this  grade. 

Science  background 

Discovering  Our  World , Boo\  One:  Unit  1, 
How  Are  the  Things  of  the  World  Put  in 
Groups?  Unit  2,  Why  Do  All  Living  Things 
Need  Air  and  Water? 


General  concepts 

1.  The  human  body  has  many  parts,  each 
of  which  has  certain  work  to  do. 

2.  Knowledge  of  your  body  is  necessary  to 
keep  it  in  good  running  order. 

3.  The  skeleton  supports  and  protects  the 
softer  parts  of  your  body  and  gives  it  shape. 

4.  Joints  and  muscles  make  possible  the 
movement  of  various  parts  of  your  body. 

5.  In  your  body  is  a group  of  parts  that 
makes  food  usable  by  your  body. 

6.  Food  must  be  distributed  throughout  your 
body. 

7.  Certain  body  parts  obtain  oxygen  from 
the  air,  and  then  the  blood  distributes  the  oxy- 
gen throughout  your  body. 

8.  Skin  protects  your  body  from  dirt  and 
germs  and  allows  waste  materials  to  escape. 
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9.  Certain  parts  of  your  body  keep  it  ac- 
quainted with  what  is  going  on  around  it. 

10.  Your  body  can  send  messages  from  one 
part  of  itself  to  other  parts. 

Introducing  the  unit  (Page  67) 

Information  for  the  teacher 

Picture.  Page  66.  Some  of  a group  of  chil- 
dren are  putting  together  a chicken  skeleton. 
From  this  activity,  they  are  learning  about 
bones  and  how  a skeleton  is  formed. 

Procedure 

After  the  class  has  read  the  left-hand  column 
on  page  67,  ask  them  for  an  answer  to  the 
question  “What  am  I?”  Then  check  back  over 
the  list  of  things  that  the  machine  can  do  to 
see  whether  the  suggested  one  is  the  right  an- 
swer. Then  have  the  children  read  the  rest  of 
the  section  to  see  how  the  boys  and  girls  in 
another  science  class  answered  the  question. 
The  pictures  at  the  top  of  page  67  can  be  used 
in  discussing  things  that  the  body  can  do. 

How  is  your  body  like  a machine? 
(Pages  67-69) 

Concepts 

1.  Your  body  is  somewhat  like  a machine. 
It  has  many  parts  that  work  together  to  make 
it  run. 

2.  All  human  bodies  have  parts  that  are 
alike. 

3.  Your  body  needs  food  to  make  it  run. 

4.  Your  body  must  be  kept  in  good  condition 
in  order  to  run  properly. 

5.  Your  body  is  different  from  a machine  be- 
cause it  can  do  many  things  that  a machine 
cannot  do. 

Procedure 

Suggest  that  the  class  make  a list  of  the  ways 
in  which  the  human  body  is  like  an  automobile. 
Then  read  pages  67  and  68.  The  children 
might  also  tell  all  the  things  that  their  bodies 
have  done  since  getting  out  of  bed  this  morn- 


ing. Have  them  check  the  things  mentioned 
by  reading  page  69.  Stress  the  fact  that  the 
human  body  can  do  more  different  things  than 
any  machine. 

Questions  (Page  69) 

1.  Food. 

2.  In  order  to  understand  how  to  keep  your 
body  in  good  condition  so  that  it  will  run 
properly. 

3.  The  worn-out  parts  of  a machine  can  be 
replaced,  or  you  can  buy  a new  one;  but  you 
cannot  buy  a new  body. 

4.  Li\e:  Made  of  many  parts;  each  part  has 
a special  thing  to  do;  parts  work  together  to 
make  machine  run;  both  need  fuel  to  make 
them  go;  must  be  kept  in  good  repair.  Differ- 
ent: Some  worn  parts  or  injured  parts  can 
repair  themselves;  can  think,  hear,  see,  talk,  etc. 

How  do  your  bones  help  you? 

(Pages  70-72) 

Concepts 

1.  Your  body  has  a framework  made  of 
bones  called  the  skeleton,  which  holds  it  up  and 
gives  it  shape. 

2.  The  bones  of  the  skeleton  are  held  to- 
gether by  ligaments.  Cartilage  between  the 
bones  keeps  them  from  grinding  together  when 
they  move. 

3.  The  bones  protect  the  soft  parts  inside 
your  body. 

Information  for  the  teacher 

Pictures.  Page  70.  This  is  a large  jellyfish 
that  is  commonly  found  on  the  Atlantic  Coast 
from  Maine  to  Florida.  It  is  called  the  Moon 
Jelly  and  grows  to  be  about  a foot  across.  The 
picture  shows  one  swimming  near  an  old  pile 
on  which  seaweeds  and  shellfish  are  growing. 

Page  72.  The  skeletons  shown  are  top  row: 
fish,  dog;  middle  row:  frog,  bird,  snake;  bot- 
tom row:  alligator.  The  children  should  be 
expected  to  recognize  the  big  group  only,  not 
the  specific  animal. 
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Procedure 

Suggest  that  the  children  bring  some  bones 
to  school.  These  may  be  obtained  at  the  meat 
market,  or  found  in  woods  and  fields.  The 
bones  will  help  the  pupils  understand  that 
bones  protect  and  give  shape  to  the  body. 
Children  can  tell  the  shape  of  an  animal  such 
as  a fish  or  chicken  from  its  skeleton.  The  skull 
of  an  animal  can  often  be  found  and  will  help 
pupils  understand  how  bones  protect  the  brain. 

As  the  pupils  are  reading  and  learning  about 
their  own  bones  on  pages  70-72,  make  frequent 
use  of  the  picture  on  page  71. 

Questions  (Page  72) 

1.  Made  of  different  kinds  of  bones.  Small, 
round  bones  put  together  make  the  spine  or 
backbone.  Bones  of  the  arms,  legs,  ribs,  and 
head  are  attached  to  the  backbone  in  such  a 
way  that  the  body  has  a definite  shape. 

2.  Holds  your  body  up  and  helps  hold  the 
rest  of  your  body  framework  together. 

3.  The  bones  of  the  spine  are  held  together 
by  tough  cords,  or  ligaments,  that  make  it  pos- 
sible for  the  spine  to  bend. 

4.  By  forming  a hard  case  for  the  soft  parts 
inside  your  body. 

5.  Squill  Bones  of  the  head  that  protect  the 
brain. 

S\eleton:  Framework  of  bones  that  holds 
the  body  up,  gives  it  shape,  and  protects  the 
soft  parts  of  the  body. 

Cartilage : Also  called  gristle.  A material 
that  makes  a little  cushion  between  the  bones 
of  the  skeleton  and  forms  part  of  the  nose  and 
ears. 

Ligaments : Tough  cords  that  hold  the 
bones  together  and  make  it  possible  to  bend 
parts  of  the  body. 

Bac\bone:  Also  called  spine.  Made  up  of 
small,  round  bones  with  holes  through  them. 
Spinal  cord  runs  up  through  them.  Bones  are 
held  together  by  ligaments  and  have  a small 
pad  of  cartilage  between  them.  Holds  up  your 
body  and  helps  hold  the  other  parts  of  the 
framework  together. 


How  can  your  body  move? 

(Pages  73-75) 

Concepts 

1.  Joints  and  muscles  make  it  possible  to 
move  the  various  parts  of  your  body. 

2.  There  are  joints  in  your  body  at  every 
place  where  the  bones  can  move. 

3.  Muscles  are  fastened  to  the  bones  and  pull 
on  the  bones  to  make  them  move. 

4.  Most  muscles  work  in  pairs. 

Information  for  the  teacher 

Pictures.  Page  74.  Top.  The  red  lines  are  the 
ligaments.  The  small  bone  in  front  of  the  knee 
is  the  kneecap. 

Procedure 

Have  the  class  make  a marionette  or  borrow 
one  from  another  class  to  illustrate  the  idea  of 
joints.  As  the  children  are  reading  about  the 
joints  and  muscles  of  their  own  body  on  pages 
73-75,  have  them  feel  and  demonstrate  these 
parts : elbow,  shoulder,  knee,  ankle,  finger 
joints,  wrist,  muscles  of  arms  and  legs.  If  pos- 
sible, have  the  class  carry  on  the  activity  sug- 
gested in  Things  to  Do,  page  89,  No.  1. 

Questions  (Page  75) 

1.  To  allow  the  parts  of  your  body  to  move. 

2.  Run:  knee,  ankle,  hip.  Chew:  jaw.  Swim: 
elbow,  shoulder,  hip.  Write:  shoulder,  elbow, 
wrist,  finger.  Tal\:  jaw.  Ride  a bicycle:  hip, 
knee,  ankle,  elbow,  wrist,  shoulder. 

3.  Gets  thicker  and  shorter. 

4.  So  that  you  can  move  the  bones  in  two 
directions.  So  that  you  can  pull  the  bone  back 
after  moving  it  in  a certain  direction. 

How  does  your  body  use  the  food  you 
eat?  (Pages  76-78) 

Concepts 

1.  Food  must  be  digested  Before  the  body 
can  use  it. 

2.  Teeth  cut  and  grind  food  into  small  bits. 
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3.  Saliva  and  other  juices  help  digest  the 
food. 

4.  In  the  stomach  and  intestines,  the  food  is 
mixed,  liquefied,  and  in  other  ways  prepared 
for  use  in  your  body. 

5.  The  digestive  system  should  be  kept  in 
good  working  order. 

Information  for  the  teacher 

Picture.  Page  76.  The  diagram  shows  the 
second  set  or  permanent  teeth  (thirty-two  teeth 
in  all).  The  teeth  colored  green  are  incisors. 
The  first  red  tooth  (from  the  front)  on  each 
side  is  the  cuspid.  The  second  two  are  the 
bicuspids.  The  first  two  blue  teeth  are  the  first 
and  second  molars.  The  third  are  the  “wisdom 
teeth,”  or  third  molars.  The  children  will,  of 
course,  not  find  these  third  molars  in  their 
mouths.  In  the  pictures  of  individual  teeth,  the 
light-colored  portion  of  the  tooth  is  the  root. 

Procedure 

As  the  children  are  reading  about  teeth  on 
page  76,  have  them  find  these  different  kinds 
of  teeth  in  their  own  mouths.  If  they  see  the 
tops  of  the  teeth,  they  can  easily  distinguish 
between  the  cutting  teeth,  the  tearing  teeth, 
and  the  grinding  teeth.  Use  the  pictures  of 
teeth  on  page  76  for  reference.  If  a large  chart 
or  model  is  available,  make  use  of  that,  too. 
Charts  of  the  teeth  may  be  obtained  from 
tooth-paste  companies  or  from  some  of  the 
supply  houses  listed  on  page  249. 

Have  the  pupils  refer  to  the  picture  on  page 
77  while  they  read  where  the  food  goes  after 
they  swallow  it.  The  fact  that  juices  dissolve 
much  of  the  food,  thereby  changing  the  solid 
food  into  a liquid,  should  be  easily  understood, 
as  in  the  previous  unit  the  children  saw  water 
dissolve  sugar. 

Questions  (Page  78) 

1.  To  grow;  to  repair  parts  of  your  body;  to 
give  strength  to  do  things;  to  keep  your  body 
warm. 

2.  You  eat  food  and  then  grow  bigger. 
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3.  Break  it  up  and  chew  it  into  fine  bits. 

4.  Saliva  in  your  mouth  moistens  the  cracker 
so  that  it  can  be  swallowed. 

5.  Muscles  of  the  stomach  and  intestines 
move  the  walls  of  these  parts  back  and  forth 
to  help  squeeze  the  food  and  break  it  up  more. 
The  juices  dissolve  and  change  the  food  that 
has  been  broken  up. 

6.  Water  is  used  to  help  make  the  juices 
needed  to  digest  the  food.  Water  is  also  a good 
dissolver,  and  the  food  must  be  dissolved  be- 
fore it  can  be  used  by  your  body. 

7.  Teeth  break  up  the  bread.  Saliva  moistens 
it  and  starts  to  digest  it.  It  is  swallowed  and 
goes  down  the  tube  that  connects  the  mouth 
to  the  stomach,  where  it  is  further  broken  up 
and  mixed  with  a juice  in  the  stomach.  This 
changes  it  almost  completely  to  a liquid.  Then 
it  goes  to  the  small  intestine,  where  more  j uices 
act  on  it.  The  liquid  part  passes  through  the 
wall  of  the  intestine  and  goes  to  the  other  parts 
of  your  body.  Any  undigested  part  goes  into  the 
large  intestine  and  is  passed  out  of  your  body. 

How  is  food  carried  to  all  parts  of 
your  body?  (Pages  78-80) 

Concepts 

1.  Food  must  be  carried  to  all  parts  of  your 
body. 

2.  The  blood  carries  the  food  through  blood 
vessels  to  all  parts  of  your  body. 

3.  Your  heart  keeps  the  blood  moving. 

Information  for  the  teacher 

Picture.  Page  79.  This  diagram  shows  only 
the  main  blood  vessels.  A great  branching  sys- 
tem of  blood  vessels  carries  blood  to  all  parts  of 
your  body.  The  largest  blood  vessels  that  carry 
blood  from  the  heart  are  the  arteries.  The  larg- 
est of  these  is  the  aorta,  which  leads  out  of  the 
left  side  of  the  heart.  This  large  vessel  branches 
into  smaller  and  smaller  arteries.  The  smallest 
of  these  are  known  as  arterioles.  The  arterioles 
branch  to  form  even  smaller  tubes,  the  capil- 


laries.  These  are  the  smallest  of  the  blood  ves- 
sels and  have  very  thin  walls.  This  allows  the 
solutions  carrying  the  oxygen  and  food  to  pass 
out  to  the  cells  around  the  capillaries.  It  also 
allows  wastes  from  the  cells,  such  as  carbon 
dioxide,  to  pass  into  the  capillaries  to  be  car- 
ried off.  The  capillaries  unite  to  form  very 
small  veins.  These  in  turn  unite  to  form  larger 
and  larger  veins.  Through  these  veins,  the 
blood  that  has  the  carbon  dioxide  and  other 
waste  products  is  carried  back  to  the  heart  and 
then  to  the  lungs.  In  the  lungs,  the  blood  loses 
the  carbon  dioxide  and  gets  a new  supply  of 
oxygen  before  going  through  the  heart  and 
starting  around  your  body  again. 

Procedure 

Have  the  class  refer  to  the  diagram  of  the 
blood  vessels  on  page  79  while  reading  pages 
78-80.  The  children  should  feel  their  hearts 
beat,  as  suggested  on  page  78.  If  a portion  of 
a blood  vessel  is  obtained  from  a meat  market 
or  from  a killed  chicken,  the  children  get  a 
better  idea  of  just  what  a blood  vessel  is.  See 
also  Things  to  Do,  page  89,  No.  5.  As  the  pu- 
pils read  pages  78-80,  have  them  write  down  the 
route  of  digested  food  to  all  parts  of  the  body. 
This  might  be  somewhat  as  follows : 

1.  Liquid  food  in  small  intestines  passes 
through  intestine  walls  into  tiny  blood  vessels. 

2.  These  tiny  blood  vessels  in  intestine  walls 
join  to  make  larger  vessels,  and  these  join  with 
others  to  make  still  larger  ones. 

3.  These  large  blood  vessels  carry  the  blood 
containing  the  food  to  the  heart. 

4.  The  heart  sends  the  blood  containing  food 
through  other  blood  vessels  to  every  part  of 
your  body. 

The  children  know  from  experience  that 
blood  is  in  every  part  of  the  body  because 
there  is  bleeding  in  the  slightest  cut  or  scratch. 
By  holding  his  wrist  or  “feeling  his  pulse,”  a 
child  can  feel  the  blood  being  pumped  through 
that  part  of  his  body.  See  Things  to  Do,  page 
89,  No.  6. 


Questions  (Page  80) 

1.  Every  part  of  your  body  needs  food  to 
keep  it  going  and  in  good  condition. 

2.  Because  it  must  be  in  liquid  form  to  pass 
through  the  walls  of  the  intestine  into  the  blood 
vessels. 

3.  The  big  blood  vessels  branch  to  make 
smaller  and  smaller  vessels  until  they  are  so 
small  that  they  can  go  into  the  smallest  part 
of  your  body. 

4.  The  heart  acts  like  a pump  and  keeps 
pumping  the  blood  through  your  body. 

5.  They  divide  into  smaller  and  smaller 
branches  just  as  a tree  divides  to  make  smaller 
branches  and  then  tiny  twigs. 

How  do  all  parts  of  your  body  get 
oxygen?  (Pages  80-81) 

Concepts 

1.  When  you  breathe,  air  is  taken  into  your 
body  through  the  nose  and  goes  to  the  lungs. 

2.  In  the  lungs,  oxygen  is  taken  from  the 
air  and  passed  into  the  blood  to  be  carried  to 
all  parts  of  your  body. 

Information  for  the  teacher 

The  parts  of  the  lungs  to  which  the  text  re- 
fers, though  not  by  name,  are  as  follows:  The 
two  large  tubes  into  which  the  windpipe,  or 
trachea , branches  are  the  bronchi.  The  bronchi 
branch  into  smaller  and  smaller  branches.  The 
smallest  of  these  branches  are  called  bronchi- 
oles. The  bronchioles  end  in  a group  of  small 
sacs  or  pockets,  called  alveoli.  The  walls  of  the 
alveoli  have  capillaries.  The  oxygen  coming 
down  through  the  tubes  from  the  large  wind- 
pipe through  the  bronchi,  and  finally  through 
the  bronchioles,  reaches  the  alveoli.  The  oxy- 
gen enters  the  capillaries  in  the  walls  of  the 
alveoli  and  so  gets  into  the  blood.  The  red  blood 
cells  carry  the  oxygen  in  the  blood  stream. 

Procedure 

Suggest  that  the  class  reread  the  right-hand 
column  on  page  53  before  beginning  this 
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problem.  Then  have  them  read  the  left-hand 
column  on  page  80.  Have  the  children  breathe 
in  air  through  the  nose  and  then  push  it  out 
through  the  mouth.  Have  them  hold  their  ribs 
as  they  breathe  as  deeply  as  possible.  As  they 
read  the  rest  of  page  80,  have  them  refer  to  the 
diagram  at  the  left  on  page  81.  Then  have 
the  class  retell  the  path  the  air  takes  from  the 
nose  to  the  pockets  in  the  lungs. 

The  oxygen  from  the  air  in  these  tiny 
pockets  gets  into  the  blood  in  the  same  way 
that  food  gets  into  the  blood  from  the  small 
intestines.  The  walls  of  the  air  pockets  are 
full  of  tiny  blood  vessels.  Oxygen  passes 
through  the  walls  of  the  air  pockets  in  the 
lungs  into  the  tiny  blood  vessels.  Then  the 
blood  carries  it  to  every  part  of  the  body.  Have 
the  class  read  page  81  and  refer  to  the  diagram 
at  the  right.  Then  the  children  should  be  able 
to  tell  how  oxygen  gets  from  the  lungs  into 
the  blood.  To  emphasize  the  importance  of 
oxygen  to  the  body,  refer  the  pupils  to  Things 
to  Do , page  89,  No.  7. 

Questions  (Page  81) 

1.  Into  the  windpipe  and  down  to  the  lungs. 

2.  From  the  lungs,  through  the  walls  of  tiny 
blood  vessels  that  are  in  the  walls  of  the  tiny  air 
pockets  in  the  lungs. 

3.  Oxygen  passes  from  the  tiny  air  pockets 
into  the  tiny  blood  vessels  in  the  same  way  that 
liquid  food  passes  through  the  walls  of  the 
blood  vessels  in  the  small  intestine. 

What  does  your  skin  do  for  your 
body?  (Page  82) 

Concepts 

1.  Your  skin  is  a waterproof  covering  for 
your  body. 

2.  Your  skin  protects  your  body  from  dirt 
and  germs  and  allows  some  waste  materials  to 
escape  from  your  body. 

3.  Your  skin  should  be  kept  clean.  Breaks 
should  be  protected  so  that  germs  cannot  enter. 

4.  Perspiration  is  a waste  that  your  body 
gives  off  through  pores  in  your  skin. 
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Information  for  the  teacher 

Proper  care  of  your  skin  is  treated  in  more 
detail  in  Unit  7,  pages  164-165. 

For  burns,  apply  a paste  of  soda  and  water. 
This  is  often  considered  a more  effective  first- 
aid  treatment  for  ordinary  burns  than  grease. 

Germ  is  a term  applied  to  any  microscopic 
organism  that  causes  disease.  This  includes 
bacteria  and  other  disease-causing  fungi,  pro- 
tozoa, and  various  tiny  worms.  Viruses,  which 
are  now  believed  to  be  non-living,  are  also  con- 
sidered as  germs. 

Procedure 

Have  the  children  read  page  82.  Then  they 
can  tell  of  their  experiences  such  as  swimming 
in  water,  taking  a bath  in  a tub  of  water,  etc., 
to  show  that  your  skin  keeps  water  out  of  the 
body.  Most  of  them  have  had  scratches,  cuts,  or 
burns  about  which  they  can  talk  and  tell  how 
these  were  cared  for.  If  any  of  these  injuries 
caused  an  infection,  that  will  show  how  germs 
may  get  into  your  body. 

Children  can  usually  see  pores  in  the  skin 
on  their  face  by  use  of  a mirror.  Bring  out  the 
fact  that  the  skin  all  over  your  body  has  these 
pores.  Many  experiences  can  be  told  by  the 
children  of  times  they  perspired  freely  such  as 
during  a ball  game,  a bicycle  ride,  running, 
cutting  a lawn,  etc. 

The  necessity  of  washing  with  soap  and 
warm  water  after  exercise  to  get  rid  of  old 
perspiration  and  dirt  as  well  as  germs  may 
be  mentioned.  A “Keep  Clean”  squad  might 
be  organized  to  check  up  on  the  personal  clean- 
liness of  all  the  children  in  the  class. 

Questions  (Page  82) 

1.  Keeps  water  out  of  your  body;  keeps  out 
dirt  and  germs;  lets  perspiration  out. 

2.  Germs  are  tiny  plants  or  animals  that 
can  make  you  sick  when  they  get  inside  your 
body. 

3.  It  helps  keep  the  germs  off  your  skin.  It 
also  gets  rid  of  dirt  and  perspiration  and  helps 
keep  the  pores  of  your  skin  clean  and  open. 


How  do  you  know  what  goes  on 
around  you?  (Pages  83-85) 

Concepts 

1.  There  are  five  senses  that  help  you  know 
what  is  going  on  around  you. 

2.  Certain  parts  of  your  body  provide  the 
five  senses. 

a)  Your  eyes  give  the  sense  of  sight. 

b ) Your  ears  give  the  sense  of  hearing. 

c ) Your  nose  gives  the  sense  of  smell. 

d)  Tasters  in  your  mouth  give  the  sense 
of  taste. 

e ) Feeling  things  with  your  hands  and 
other  parts  of  your  body  gives  the  sense  of 
touch. 

Information  for  the  teacher 

Care  of  and  safety  with  the  eyes  and  ears 
are  treated  in  Unit  7,  pages  162-163. 

The  tiny  parts,  or  “tasters,”  in  the  mouth 
refer  to  the  taste  buds.  These  are  found  chiefly 
in  the  tongue,  although  some  are  located  in 
the  roof  of  the  mouth,  the  pharynx,  and  the 
epiglottis.  In  the  tongue,  the  taste  buds  are 
groups  of  cells  embedded  in  the  small  projec- 
tions of  the  covering  of  the  tongue.  These  little 
projections  make  the  tongue  feel  rough. 

Each  kind  of  taste  sensation  has  its  own 
kind  of  taste  bud,  located  in  certain  areas  of 
the  tongue.  For  example,  taste  buds  for  sweet 
and  salt  tastes  are  at  the  front  of  the  tongue. 
The  large  ones  at  the  back  of  the  tongue  are 
for  bitter  tastes.  Those  for  sour  are  along  the 
edge  of  the  tongue.  Materials  to  be  tasted  must 
be  dissolved  before  the  taste  buds  can  be  stimu- 
lated by  them. 

Smell  receptors  in  the  nose  control  the  sense 
of  smell.  Scientists  have  recently  discovered 
that  these  smell  receptors  act  as  “broadcasters” 
sending  out  heat  waves.  Just  as  the  body  feels 
cold  when  it  loses  heat,  the  nose  and  brain 
record  smell  when  the  smell  organs  lose  heat. 
The  object  that  is  smelled  gives  off  a gas  that 
is  capable  of  absorbing  rays  of  the  same  length 
as  the  heat  waves  given  off  by  the  nose. 

Smells  and  tastes  are  often  hard  to  distin- 
guish. Many  tastes  depend  on  smelling,  too,  as 


anyone  who  has  had  a nose  cold  will  recall. 
Feeling  which  comes  from  the  ordinary  sense 
organs  in  the  mouth  also  enters  in,  such  as  the 
biting  feeling  of  ginger. 

The  sense  organs  in  the  skin  that  give  the 
sense  of  touch,  pressure,  heat,  cold,  and  pain 
are  of  various  kinds  and  are  scattered  over 
the  surface  of  the  body.  These  sense  organs 
are  either  special  receptors  or  just  nerve  end- 
ings in  the  skin.  They  are  not  evenly  distrib- 
uted. Some  areas  are  much  more  sensitive  than 
others.  For  example,  the  fingertips  are  more 
sensitive  to  touch  than  the  back  of  the  hand. 
Pain  receptors  are  much  more  widely  scattered 
than  the  areas  sensitive  to  touch  or  pressure. 

Procedure 

Ask  the  class  the  question  answered  in  this 
problem:  “How  do  you  know  what  goes  on 
around  you?”  Then  have  the  children  read 
pages  83-85.  The  class  should  carry  out  the 
observation  suggested  in  the  third  paragraph 
on  page  83  and  refer  to  the  picture  on  that 
page.  Have  the  children  look  at  the  eyes  of 
others  in  the  class.  To  observe  the  change  in 
size  of  pupils,  let  one  child  stay  in  a dark 
closet  for  several  minutes  and  have  the  others 
notice  the  difference  in  the  pupils  of  his  eyes 
before  he  goes  in  and  after  he  comes  out.  Let 
him  see  the  difference  in  a mirror. 

Ask  different  children  to  demonstrate  the 
use  of  their  five  senses.  Children  can  usually 
tell  interesting  experiences  of  using  one  of 
the  senses  to  tell  what  something  is,  such  as 
finding  a certain  object  in  the  dark  by  feel- 
ing objects  near  it  and  then  finally  the  object. 
They  also  like  to  tell  of  fooling  someone  or 
of  being  fooled,  such  as  being  blindfolded  and 
asked  to  pick  up  something  that  feels  like 
worms  but  turns  out  to  be  pieces  of  cooked 
spaghetti. 

Questions  (Page  85) 

1.  Answers  individual. 

2.  Sight,  hearing,  smell. 

3.  What  shape,  size,  and  color  it  is;  how 
far  away  it  is;  what  it  is  doing  if  it  is  alive. 
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4.  Your  pupils  enlarge  to  allow  more  light  to 
enter. 

5.  Hold  your  nose  and  taste  a piece  of  onion 
while  blindfolded. 

6.  Taste,  smell,  sight. 

What  keeps  the  parts  of  your  body 
working  together?  (Pages  86-88) 
Concepts 

1.  Your  brain  is  the  director  of  your  body;  it 
keeps  the  parts  of  your  body  working  together. 

2.  Your  body  can  send  messages  from  one 
part  of  itself  to  other  parts. 

a)  The  nerves  are  the  message  carriers. 

b ) Some  nerves  carry  messages  from  dif- 
ferent parts  of  your  body  to  your  brain. 
Other  nerves  carry  messages  from  your  brain 
to  different  parts  of  your  body. 

Information  for  the  teacher 

An  elementary  psychology  or  general  biology 
textbook  will  give  further  information  on  the 
nervous  system. 

Procedure 

Encourage  discussion  while  reading  pages 
86-88.  Stress  the  fact  that  messages  can  travel 
along  nerves  in  only  one  direction.  Some  nerves 
carry  messages  to  the  brain,  and  other  nerves 
carry  messages  from  the  brain  to  different  parts 
of  the  body.  Have  different  children  give  ex- 
amples of  this,  such  as: 

Suppose  it  starts  to  rain. 

Eye  nerves  to  brain — It  is  raining  in  the  open 
window. 

Brain  to  arm  nerves — Close  the  window. 
or 

Suppose  you  are  at  the  bat  in  playing  base- 
ball. 

Eye  nerves  to  brain — The  ball  is  wide — isn’t 
coming  near. 

Brain  to  arm  nerves — Do  not  strike  at  the 
ball — I do  not  want  to  strike  out. 

Eye  nerves  to  brain — This  ball  is  coming 
right  where  I can  hit  it. 
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Brain  to  arm  nerves — Hit  this  ball  as  hard 
as  you  can — I want  a home  run. 

or 

Suppose  you  are  on  your  way  to  school. 

Ear  nerves  to  brain — The  last  bell  is  ringing. 

Brain  to  leg  nerves — Run  as  fast  as  you  can 
— I don’t  want  to  be  late. 

Also  have  the  children  discuss  and  give  ex- 
amples to  show  that  the  brain  is  an  excellent 
director,  as  when  a driver  quickly  turns  his 
automobile  to  avoid  an  accident. 

Questions  (Page  88) 

1.  Your  brain. 

2.  Inside  your  skull. 

3.  To  keep  the  parts  working  together  and 
to  tell  the  parts  what  to  do. 

4.  Along  the  nerves.  Messages  travel  only 
in  one  direction  along  nerves.  Some  nerves 
carry  messages  from  different  parts  of  your 
body  to  the  brain.  Other  nerves  carry  messages 
from  the  brain  to  different  parts  of  your  body. 

Questions  to  answer  (Page  88) 

1.  Joints:  make  it  possible  to  bend  parts  of 
your  body.  Heart:  pumps  the  blood  around 
your  body.  Muscles:  move  parts  of  your  body. 
Lungs:  take  in  oxygen  for  your  body.  Brain: 
directs  your  body — keeps  the  parts  of  your  body 
working  together.  Teeth:  cut  and  break  up  the 
food  into  smaller  pieces  for  digestion.  S\in: 
covers  your  body  and  protects  it.  Nerves : carry 
messages  from  one  part  of  your  body  to  another. 

2.  It  must  be  digested;  that  is,  it  must  be 
dissolved  and  changed. 

3.  The  blood  is  pumped  around  through 
your  body  by  the  heart.  As  it  goes  through  the 
lungs,  it  picks  up  a supply  of  oxygen  from  the 
tiny  air  pockets.  Then  as  the  blood  travels 
to  all  parts  of  your  body,  it  carries  the  oxygen 
with  it.  At  the  same  time,  the  blood  is  carry- 
ing the  dissolved  food  that  was  picked  up 
from  the  cells  of  the  walls  of  the  intestine. 
Both  food  and  oxygen  are  unloaded  all  through 
your  body  as  the  blood  flows  through  the  dif- 
ferent parts. 


4.  Reading,  observing,  asking. 

5.  Fingers,  one  of  the  joints  at  the  elbow, 
knee,  ankle. 

6.  Have  a brain  that  can  think,  solve  prob- 
lems, make  plans,  etc. 

7.  The  brain.  Messages  come  into  the  brain 
and  are  sent  out  to  the  proper  part  of  your  body. 

8.  It  is  not  easily  broken  up  or  dissolved  so 
that  it  can  be  used  by  your  body. 

9.  So  that  you  will  chew  it  into  smaller 
pieces  before  you  swallow  it.  This  makes  it 
easier  for  the  juices  in  the  stomach  to  digest  it. 

10.  Both  act  as  fuels. 

11.  Answers  individual. 

Things  to  do  (Page  89) 

1.  Obtain  a joint  from  a cow,  sheep,  pig, 
or  chicken.  ( a ) Inside  is  marrow.  ( b ) Muscles 


are  fastened  with  strong  tendons,  (c)  Liga- 
ments fasten  the  bones  together.  ( d ) Blood 
gets  inside  through  blood  vessels,  which  may 
be  seen. 

2.  Individual  activity. 

3.  See  the  text,  page  77,  and  the  answer  to 
question  7,  page  78. 

4-5.  Individual  activities. 

6.  Your  pulse  can  be  felt  in  the  wrist  or  in 
the  neck  under  the  jaw.  Your  pulse  beats 
faster.  As  your  heart  speeds  up  its  action,  it 
can  supply  more  food  and  oxygen  to  the  parts 
of  your  body  that  need  them. 

7.  When  you  jump  up  and  down,  you  must 
take  more  breaths  to  renew  the  supply  of  oxy- 
gen in  your  blood.  The  strenuous  exercise 
causes  your  body  to  use  up  the  oxygen  more 
quickly  than  usual. 


unit  4o  Why  Do  We 


Purpose  and  scope 

The  purpose  of  this  unit  is  to  show  the  im- 
portance of  the  sun  and  its  relation  to  the  earth 
in  a very  elementary  way  and  to  develop  the 
most  obvious  result  of  the  earth’s  moving — 
namely,  alternate  periods  of  light  and  darkness, 
or  day  and  night;  and  also  the  changing  sea- 
sons. No  attempt  is  made  to  elaborate  on  the 
relationship  at  this  level.  However,  certain 
broad  understandings  should  be  developed. 

Though  the  purpose  of  this  unit  is  not  to  give 
the  causes  of  the  seasons  (as  these  concepts  in 
general  are  too  difficult  for  children  of  this 
age),  the  child  should  be  aware  of  the  fact  that 
because  the  earth  moves  as  it  does,  we  have 
long  days  (summer)  and  short  days  (winter) 
during  the  year  and  that  the  long  days  are  the 
warm  days.  The  child  should  also  begin  to  un- 
derstand the  method  of  discovery  used  by  sci- 
entists through  the  ages,  that  is,  careful  observa- 
tion and  experimentation  and  accurate  think- 


Have Days  and  Nights? 


ing.  This  unit  lays  the  foundation  for  under- 
standing much  that  is  in  the  following  unit  of 
this  book.  It  is  also  prerequisite  to  Unit  7 of 
Discovering  Our  World , Boo\  Three . 

Science  background 

Loo\  and  Learn:  Unit  3,  Days  and  Days 
All  Around  Us:  Unit  3,  Sun,  Wind,  and 
Weather 

General  concepts 

1.  The  earth  gets  its  light  and  heat  from  the 
sun. 

2.  The  earth  is  shaped  like  a ball. 

3.  The  earth  rotates  on  its  axis. 

4.  Because  the  earth  is  a ball,  only  half  of  the 
earth  is  lighted  at  one  time  by  the  sun. 

5.  The  turning  of  the  earth  on  its  axis  causes 
day  and  night. 

6.  The  earth’s  journey  around  the  sun  makes 
a year. 
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7.  Seasonal  changes  in  temperature  are  the 
result  of  changes  in  the  amount  of  heat  received 
from  the  sun. 

Introducing  the  unit  (Page  91) 

Ask  the  children  why  we  have  days  and 
nights.  Write  their  answers  on  the  blackboard. 
Then  have  the  class  read  the  introduction. 
Further  answers  should  then  be  added.  As  the 
children  study  the  unit,  have  them  refer  to 
these  answers,  see  if  they  are  correct,  and 
correct  them  when  necessary. 

How  does  the  earth  get  its  light? 
(Pages  91-93) 

Concepts 

1.  Many  materials  give  off  light  if  they  get 
hot  enough. 

2.  The  sun  is  a huge  ball  of  hot  gases. 

3.  The  sun  looks  small  because  it  is  so  far 
away. 

4.  The  sun  is  more  than  a million  times  as 
large  as  the  earth. 

Information  for  the  teacher 

Picture.  Page  93.  This  shows  the  so-called 
prominences  of  the  sun.  These  are  outbursts 
of  extremely  hot  gases  that  shoot  out  from  the 
edges  of  the  sun.  Formerly  they  were  visible 
through  a telescope  only  during  total  eclipses 
of  the  sun.  But  now  an  instrument  called  the 
spectroheliograph  permits  them  to  be  photo- 
graphed whenever  the  sky  is  clear  enough. 

Text.  The  gases  that  make  up  the  sun  are  not 
burning.  They  are  merely  heated  to  incandes- 
cence. The  neon  light  is,  perhaps,  the  nearest 
like  this.  In  such  lights,  gases  glow  but  do  not 
burn. 

The  earth  does  not  come  closer  to  the  sun 
because  of  the  gravitational  attraction  of  the 
heavenly  bodies  for  each  other  and  because  of 
the  tendency  of  the  earth  to  swing  outward  as 
it  travels  around  in  a huge  circle.  (See  Discov- 
ering Our  World,  Boo\  Three,  Unit  7,  What 
Is  the  Universe  Like?) 
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Procedure 

Children  should  understand  that  if  a thing 
is  hot  enough,  it  will  give  off  light.  A candle 
could  be  used  to  show  this.  Have  the  children 
feel  the  cold  top  of  the  candlewick  before  it  is 
lighted.  Then  light  the  candle.  The  children 
know  that  it  is  now  too  hot  to  touch.  Another 
good  way  to  show  this  is  to  ask  the  children 
to  feel  an  electric-light  bulb  that  is  not  lighted. 
Then  turn  on  the  current  to  light  the  bulb.  A 
few  minutes  after  it  has  been  lighted,  ask  a few 
children  to  touch  it  carefully.  Now  have  the 
pupils  read  pages  91-93. 

Every  sentence  in  the  paragraphs  on  page  92 
about  the  heat  of  the  sun  is  important  in  help- 
ing the  child  understand  that  the  sun  is  a big 
ball  of  very  hot  gases.  Do  not  permit  the  chil- 
dren to  say  that  the  sun  is  a ball  of  fire  because 
that  is  not  true.  The  gases  in  the  sun  are  not 
burning.  Instead,  they  glow  and  give  off  light 
as  the  filament  in  a lighted  incandescent  electric 
lamp  does.  The  filament,  however,  is  a solid, 
while  the  glowing  materials  in  the  sun  are  gases. 
Review  what  a gas  is  by  having  the  pupils  refer 
back  to  Unit  2 (page  49). 

Stress  the  huge  size  of  the  sun  and  its  great 
distance  from  the  earth.  Have  the  children 
compare  the  size  of  a tree  a few  feet  away  with 
one  several  blocks  away.  The  trees  may  be 
about  the  same  size;  but  the  one  several  blocks 
away  looks  much  smaller.  Or  have  the  children 
watch  an  airplane  until  it  is  a mere  speck  in  the 
sky  and  finally  disappears.  The  fact  that  the 
plane  is  only  a few  miles  distant  while  the  sun 
is  93  million  miles  away  will  help  to  develop 
the  size  and  distance  of  the  sun.  Drawing  cir- 
cles as  directed  on  page  93  to  indicate  the 
relative  size  of  the  sun  and  the  earth  also  will 
help  establish  the  concept  of  the  immense  size 
of  the  sun. 

Questions  (Page  93) 

1.  It  gives  off  light  as  many  materials  do 
when  they  get  hot  enough. 

2.  Because  it  is  so  far  away. 

3.  It  gives  us  heat  and  light. 


What  is  the  shape  of  the  earth?, 

(Pages  94-96) 

Concepts 

1.  The  earth  is  shaped  like  a ball. 

2.  There  are  several  ways  of  showing  that 
the  earth  is  shaped  like  a ball. 

Experiment 

Pages  95-96:  To  show  that  the  earth  is 
shaped  like  a ball. 

Materials:  Small  boat,  globe,  table. 

Procedure 

Encourage  the  children  to  give  their  ideas  of 
the  shape  of  the  earth.  Then  have  the  class  read 
pages  94  and  95.  Have  the  pupils  take  time  to 
study  the  pictures  on  page  94,  noting  that  in  the 
one  to  the  left  where  the  boat  is  far  out  to  sea, 
only  about  the  top  third  of  the  boat  can  be  seen 
while  the  lower  sails  and  the  hull  of  the  boat 
near  shore  can  be  seen. 

Be  sure  to  have  the  class  carry  on  the  experi- 
ment with  the  toy  boat  as  described  on  pages 
95  and  96.  If  each  child  will  observe  the  boat  as 
it  is  moved  toward  him  around  the  globe  as 
well  as  along  the  table  top,  he  is  more  likely  to 
get  the  feeling  of  the  roundness  of  the  earth 
and  see  the  significance  of  the  observations  and 
conclusions  of  some  of  the  wise  men  of  long 
ago. 

Questions  (Page  96) 

1.  Because  the  earth  looks  flat.  It  is  so  big 
that  you  can  look  miles  away  without  seeing 
that  the  earth  curves. 

2.  It  shows  how  people  discovered  that  the 
earth  is  round  by  watching  ships  come  up  over 
the  curve  of  the  earth.  It  shows  that  the  earth 
is  round  because  you  see  the  top  of  the  ship 
first  and  then  the  bottom. 

3.  People  have  travelled  around  the  earth, 
starting  at  one  place  and  reaching  that  place 
again  without  changing  the  direction  in  which 
they  were  travelling.  People  very  high  above 
the  earth  in  airplanes  or  balloons  have  taken 
pictures  which  show  that  the  earth  curves. 


How  does  the  earth  move? 

(Pages  96-98) 

Concepts 

1.  The  earth’s  axis  is  an  imaginary  line 
through  the  earth. 

2.  The  earth  rotates  on  its  axis. 

3.  The  earth  rotates  from  west  to  east. 

4.  The  ends  of  the  axis  are  called  the  North 
and  South  Poles. 

Experiment 

Page  97:  To  show  what  turning  on  an  axis 
means. 

Materials  : Globe,  top,  orange,  stiff  wire, 
quarter  or  other  coin. 

Procedure 

To  understand  that  the  earth  turns  on  its 
axis,  the  children  should  carry  on  the  activities 
on  page  97.  Have  them  see  the  spinning  of  a 
top,  the  turning  of  a globe,  the  rolling  around 
of  an  orange  in  various  directions,  and  the 
spinning  of  the  orange  in  one  direction  around 
the  wire.  They  should  then  understand  that 
the  wire  is  the  axis  on  which  the  orange  turns. 
By  spinning  a quarter,  they  can  see  how  an 
object  can  keep  turning  in  the  same  direction 
on  an  imaginary  line  as  does  the  earth.  If  time 
permits,  have  them  spin  other  things  such  as 
a plate,  a pie  pan,  etc.  While  the  children  are 
reading  and  discussing  pages  96-98  and  carry- 
ing on  the  activities  showing  that  the  earth 
turns  on  its  axis,  have  them  use  the  word  axis 
as  often  as  possible  so  that  it  will  become  part 
of  their  vocabulary.  Also,  have  the  class  find 
the  North  Pole  and  the  South  Pole  on  a globe. 
They  should  observe  that  the  globe  turns  on  an 
axis  that  passes  through  these  poles. 

Questions  (Page  98) 

1.  Spinning  around  in  the  same  place.  Turn- 
ing around  a real  or  imaginary  line  that  runs 
through  the  thing  that  is  spinning. 

2.  By  running  a stiff  wire  or  something  sim- 
ilar through  the  orange,  and  turning  the  orange 
around  on  the  wire. 


UNIT  FOUR.  DAYS  AND  NIGHTS  49 


3.  Because  it  turns  around  in  the  same  place 
and  does  not  turn  this  way  and  that  as  the 
orange  did  before  the  wire  was  put  through  it. 

4.  The  ends  of  an  imaginary  line  that  runs 
through  the  earth. 

Why  do  we  have  daylight  and 
darkness?  (Pages  98-100) 

Concepts 

1.  It  takes  twenty-four  hours  for  the  earth 
to  turn  once  on  its  axis. 

2.  Because  the  earth  is  a ball,  only  half  of  the 
earth  is  lighted  at  one  time  by  the  sun. 

3.  The  turning  of  the  earth  on  its  axis  causes 
day  and  night. 

Experiment 

Pages  98-99:  To  show  why  we  have  day  and 
night  every  twenty-four  hours. 

Materials:  Globe,  flashlight,  chalk. 

Procedure 

Now  the  children  should  have  the  basic  un- 
derstandings necessary  to  answer  the  original 
question : “Why  do  we  have  daylight  and  dark- 
ness?” These  three  concepts  are  listed  again  on 
page  98,  and  the  teacher  should  help  the  chil- 
dren see  the  relationship  between  them.  Be 
sure  to  have  the  children  perform  the  experi- 
ment on  pages  98  and  99.  This  shows  ( a ) why 
we  have  daylight  and  darkness,  ( b ) why  we 
have  morning,  noon,  and  evening,  ( c ) the  fact 
that  the  earth  turns  on  its  axis  from  west  to 
east;  the  sun  does  not  travel  across  the  sky. 

Have  the  pupils  read  the  text  to  check  their 
findings.  They  should  now  compare  the  rea- 
sons they  gave  to  explain  the  cause  of  daylight 
and  darkness  with  the  facts  they  have  learned. 
The  answers  given  at  the  beginning  of  the 
problem  should  then  be  corrected. 

Questions  (Page  100) 

1.  (b),  (c),  (d),  (/). 

2.  Seven. 

3.  Answer  should  show  an  understanding  of 
the  correct  statements  in  question  1 and  the 
ability  to  place  them  in  the  proper  order. 
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How  is  the  earth  like  a clock? 

(Pages  100-103) 

Concepts 

1.  The  sun  is  used  for  telling  time. 

2.  When  the  sun  is  highest  in  the  sky,  it  is 
twelve  o’clock  noon. 

3.  We  watch  the  sun  and  the  stars  to  see 
how  far  the  earth  has  turned  on  its  axis. 

4.  Since  the  earth  is  turning  on  its  axis  from 
west  to  east,  you  must  turn  your  watch  ahead 
when  you  travel  from  west  to  east,  and  back 
when  you  travel  from  east  to  west. 

Experiment 

Page  102:  To  find  out  whether  it  is  twelve 
o’clock  noon  everywhere  in  Canada  at  the  same 
time  as  it  is  twelve  o’clock  noon  in  the  city  of 
Ottawa. 

Materials  : Globe,  flashlight. 

Information  for  the  teacher 

The  prime  meridian  (0°  longitude)  runs 
through  Greenwich,  England.  Distance  around 
the  world  is  measured  east  and  west  from  this 
meridian.  The  time  zones  or  belts  of  the  world 
are  based  on  longitude.  Since  the  earth  rotates 
through  fifteen  degrees  of  longitude  in  each 
hour  and  there  is  a difference  of  one  hour 
between  successive  time  zones,  each  zone  is 
approximately  fifteen  degrees  wide,  with  some 
irregularities  necessitated  by  geographical  or 
political  features. 

In  Canada,  there  are  seven  time  zones.  Travel- 
ling from  east  to  west  in  Canada,  you  would 
pass  through  the  Newfoundland,  Atlantic, 
Eastern,  Central,  Mountain,  and  Pacific  Time 
Zones.  The  seventh  is  the  Yukon  Time  Zone. 
For  the  boundaries  of  the  seven  time  zones  in 
Canada,  consult  an  encyclopedia  or  a Cana- 
dian atlas. 

Procedure 

With  the  study  of  telling  time  by  the  sun, 
an  activity  should  be  carried  on  to  show  the 
ways  in  which  people  told  time  before  they  had 
clocks.  These  will  include  the  use  of  the  sun- 


dial,  knotted  rope,  painted  candle,  water  clock, 
and  sandglass.  The  children  will  learn  about 
sun  time  if  they  make  a simple  sundial  and 
record  the  time  as  indicated  in  Things  to  Do, 
page  111,  No.  2.  Suggest  to  the  children  that 
they  tell  stories  of  their  own  or  others’  expe- 
riences in  telling  time  by  the  sun. 

The  children  should  use  the  flashlight  and 
the  globe  to  see  why  it  cannot  be  noon  in  all  the 
cities  at  the  same  time.  By  doing  this  simple 
experiment,  they  should  have  the  basic  under- 
standing clearly  established  for  later  study  of 
the  seven  time  zones  in  Canada.  Likewise, 
they  should  be  able  to  figure  out  whether  they 
are  to  turn  a watch  back  or  ahead  when  travel- 
ling across  these  time  zones.  Have  the  class 
read  the  text  and  discuss  the  pictures  at  the  top 
of  pages  102  and  103.  See  also  Things  to  Do, 
page  111,  Nos.  1 and  4. 

Questions  (Page  103) 

1.  The  earth  turns  on  its  axis  once  in  twenty- 
four  hours.  By  looking  at  the  sun  or  stars,  we 
can  tell  how  far  it  has  turned  or  how  many 
hours  have  passed.  When  the  earth  has  turned 
halfway,  twelve  hours  have  passed.  So  we  say 
it  is  twelve  o’clock.  When  the  sun  is  directly 
overhead,  it  is  twelve  o’clock  noon.  We  figure 
out  the  rest  of  the  time  from  that. 

2.  Because  the  sun  is  not  directly  overhead 
all  over  the  country  at  the  same  time.  When  it 
is  overhead  in  Ottawa,  it  is  lower  in  the  sky 
in  the  west.  Thus,  when  it  is  twelve  o’clock 
in  Ottawa,  it  is  only  eleven  in  Winnipeg,  and 
so  forth. 

3.  Once.  Twenty-four. 

What  makes  a year?  (Pages  104-105) 

Concepts 

1.  A year  is  the  time  that  it  takes  the  earth 
to  travel,  or  revolve,  once  around  the  sun. 

2.  Each  year  is  divided  into  four  seasons,  one 
for  each  quarter  of  the  distance  around  the  sun. 

Information  for  the  teacher 

The  picture  of  the  earth  revolving  around  the 
sun  shows  that  the  earth  slants  on  its  axis. 


However,  this  fact  and  the  relation  of  the  slant 
to  the  seasons,  etc.,  has  not  been  entered  into, 
since  it  is  unnecessarily  difficult  for  this  grade 
level.  It  is  treated  at  a higher  level  in  the  science 
program. 

Procedure 

The  children  can  use  a lamp  for  the  sun  and 
a globe  for  the  earth.  After  reading  the  text, 
ask  them  how  these  objects  should  be  used  to 
represent  the  movement  of  the  earth  to  make 
a year.  A child  will  probably  pick  up  the  globe 
and  carry  it  once  around  the  lamp.  He  then 
needs  to  be  reminded  that  the  earth  is  con- 
stantly spinning  on  its  axis,  so  he  must  keep 
spinning  the  globe  as  he  walks  completely 
around  the  lamp.  (To  make  the  dramatization 
accurate,  the  globe  would  need  to  be  turned 
around  on  its  axis  365%  times  while  it  is  mov- 
ing once  around  the  lamp.)  Let  the  class  study 
the  diagram  showing  the  two  movements  of 
the  top.  The  earth  likewise  moves  in  these  two 
ways. 

The  seasons  are  mentioned  here  to  give  the 
child  a better  understanding  of  a year,  as  he  is 
familiar  with  winter,  spring,  summer,  and  au- 
tumn. They  are  also  brought  in  to  make  clearer 
the  fact  that  as  the  earth  revolves  around  the 
sun  once,  we  have  the  four  seasons.  During 
each  season,  the  earth  has  travelled  one  fourth 
of  its  journey  around  the  sun. 

Questions  (Page  105) 

1.  Rotates  on  its  axis  and  revolves  around 
the  sun. 

2.  Rotating  on  axis  gives  days.  Revolving 
around  sun  gives  years. 

3.  Answers  individual. 

4.  365%. 

How  do  the  hours  of  daylight  and 
darkness  change  during  the  year? 
(Pages  105-106) 

Concepts 

1.  Summer  days  have  more  hours  of  day- 
light than  winter  days. 
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2.  Daylight  begins  when  we  first  see  the  sun 
in  the  east  and  ends  when  we  no  longer  see  the 
sun  in  the  west. 

Information  for  the  teacher 

The  verse  is  from  the  poem  “Bed  in  Sum- 
mer” by  Robert  Louis  Stevenson. 

Procedure 

Have  the  pupils  read  pages  105-106.  Then  let 
them  tell  how  their  activities  in  summer  and  in 
winter  differ  because  of  the  length  of  day.  The 
class  should  also  keep  a record  of  daylight  and 
darkness.  This  furnishes  an  excellent  oppor- 
tunity for  the  children  to  record  data  and  draw 
conclusions  from  them.  The  chart  on  page  106 
may  be  used  as  a guide.  Charts  may  also  be 
made  giving  the  time  of  sunrise  and  of  sunset 
on  the  first  day  of  each  month  for  the  remain- 
der of  the  school  year.  This  information  can  be 
found  in  newspapers,  almanacs,  and  sometimes 
on  calendars.  See  also  Things  to  Do,  page  111, 
Nos.  5 and  6. 

Questions  (Page  106) 

1.  May,  June,  July,  August. 

2.  November,  December,  January,  February. 

3.  Answers  individual. 

4.  March,  April,  September,  October. 

Why  are  summer  days  warmer  than 
winter  days?  (Pages  107-109) 

Concepts 

1.  Because  the  days  are  longer  in  summer, 
we  get  more  heat  from  the  sun. 

2.  Because  the  sun  is  more  nearly  straight 
overhead  in  summer,  the  earth  gets  more  heat. 

Experiments 

Page  107:  To  find  out  if  slanting  rays  of 
light  affect  the  brightness  of  the  spot  of  light 
made  by  the  rays. 

Materials  : Flashlight,  cardboard  tube  or 
some  heavy  paper. 
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Pages  108-109:  To  find  out  how  changes  in 
the  position  of  the  light  change  the  shadows* 

Materials:  Yardstick,  light. 

Procedure 

Have  the  class  perform  the  experiment  with 
the  flashlight  inside  a cardboard  tube.  It  should 
be  brought  out  that  the  spot  where  the  light  is 
directly  above  is  brighter  and  warmer.  The 
days  when  the  sun  is  highest  in  the  sky  and 
nearly  directly  overhead  are  the  warmest.  If 
a chalk  mark  is  drawn  around  the  outline  of 
the  two  spots,  their  difference  in  size  can  be 
easily  seen.  Now  have  the  pupils  read  to  the 
end  of  the  problem. 

Children  enjoy  seeing  their  shadows,  and 
they  can  learn  much  from  the  length  of  their 
shadows.  Hold  an  electric  light  high  near  the 
centre  of  the  room.  Ask  a child  to  stand  di- 
rectly under  it.  His  shadow  will,  of  course,  be 
short.  Then  move  the  light  to  one  side  and  keep 
lowering  the  light.  Of  course,  the  lower  the 
light,  the  longer  the  shadow  will  be.  It  is  the 
same  with  shadows  made  by  the  sun.  A short 
shadow  shows  that  the  sun  is  high  in  the  sky. 
A long  shadow  shows  that  the  sun  is  low  in  the 
sky.  In  summer,  the  sun  is  higher  in  the  sky 
and  more  directly  overhead  than  in  winter. 
Therefore,  summer  shadows  are  shorter  than 
winter  shadows  at  the  same  time  of  day. 

The  children  might  also  keep  a temperature 
chart  showing  the  temperature  at  a given  time 
on  a certain  day  each  week  for  the  remainder 
of  the  school  year.  Then  they  can  compare  it 
with  the  chart  of  hours  of  daylight  and  dark- 
ness. They  can  see  that  the  longest  days  are  the 
warmest  and  that  the  shortest  days  are  the 
coldest.  This  will  emphasize  the  fact  that  the 
sun  gives  us  heat  and  light.  Therefore,  the 
longer  the  sun  shines  on  a certain  spot  on  the 
earth,  the  warmer  the  day  will  be. 

See  also  Things  to  Do,  page  111,  No.  3. 

Questions  (Page  109) 

1.  There  are  more  hours  of  daylight  in  sum- 
mer than  in  winter;  the  sun  is  more  directly 
overhead  in  summer  than  in  winter. 


2.  Your  shadow  is  shortest  when  the  sun  is 
most  directly  overhead. 

3.  Shortest  in  summer;  longest  in  winter. 

Questions  to  answer  (Page  110) 

1.  They  learned  that  the  earth  is  round  and 
that  it  spins  on  its  axis.  This  made  them  able 
to  understand  what  makes  day  and  night.  They 
learned  that  it  was  the  earth  that  is  moving 
and  not  the  sun. 

2.  (*),  (c),  (/). 

3.  Baseball  players:  When  it  gets  dark  early, 
the  baseball  game  sometimes  must  be  called  of! 
before  it  is  finished  because  the  players  cannot 
see. 

Farmers:  Farmers  get  up  very  early  to  milk 
their  cows,  etc.  When  the  days  are  longer, 
they  do  not  have  to  get  up  in  the  dark  or  do 
not  have  to  work  so  long  in  the  dark. 

Mil\-wagon  drivers,  newsboys:  These  people 
also  start  their  work  early  and  the  more  day- 
light there  is,  the  less  time  they  spend  working 
in  the  dark.  Newsboys  delivering  the  evening 
papers  can  do  so  in  daylight  when  the  days 
are  longer. 

4.  Answers  may  include:  it  would  be  cold; 
it  would  be  completely  dark;  plants  would  not 
grow;  there  would  be  no  food;  no  one  could 
work  or  play;  all  living  things  would  die. 

5.  The  sun  appears  to  rise  in  the  east  and  set 
in  the  west.  That  is,  we  see  it  first  in  the  east 
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and  last  in  the  west.  This  means  that  the  east 
comes  in  sight  of  the  sun  before  the  west. 

6.  Arrive  at  answer  by  multiplying  the  num- 
ber of  years  old  by  365%. 

7.  So  that  the  trains  will  run  on  time.  People 
would  miss  the  trains  if  they  did  not  arrive 
when  the  timetable  says  that  they  will.  Trains 
would  run  into  each  other  if  the  railroad  men 
did  not  know  exactly  what  time  it  is. 

Things  to  do  (Page  111) 

1.  Some  jewellers  have  clocks  that  are  con- 
nected with  the  telegraph  service  so  that  the 
time  is  kept  correct  at  all  times. 

2-3.  Individual  or  class  activities. 

4.  Any  of  the  children’s  encyclopedias  will 
give  this  information.  Sundials  are  still  in  use, 
though  chiefly  for  ornament.  Small  hourglasses 
are  in  wide  use  as  egg  timers  and  for  timing 
telephone  conversations  in  the  home. 

5.  The  days  of  most  and  least  daylight  will 
generally  be  June  21  and  December  21,  respec- 
tively, three  years  out  of  four.  The  fourth  year, 
it  will  usually  be  the  20th  in  each  case  because 
of  leap  year.  (See  an  almanac  for  the  summer 
and  winter  solstices  for  any  particular  year.) 

6.  When  the  sun  crosses  the  equator  in 
spring  (vernal  equinox)  and  in  fall  (autumnal 
equinox),  hours  of  daylight  and  darkness  will 
be  the  same.  The  dates,  again,  will  vary  but 
usually  will  be  March  21  and  September  23. 


See  in  the  Sky  at  Night? 


Purpose  and  scope 

Children  are  extremely  interested  in  the  stars 
and  other  heavenly  bodies.  Through  the  study 
of  this  unit,  they  will  find  many  of  their  ques- 
tions answered.  The  stars,  moon,  and  planets 
that  they  see  in  the  sky  will  take  on  meaning. 
Understanding  will  replace  hazy  and  erroneous 
ideas. 


Certain  comics  and  radio  programs  involving 
the  heavenly  bodies  are  imaginary  and  are  not 
based  on  facts.  After  studying  this  unit,  pupils 
should  be  able  to  distinguish  between  fact  and 
fancy.  They  should  begin  to  appreciate  infor- 
mation about  the  heavenly  bodies  that  has  been 
acquired  after  long  and  careful  study  by  scien- 
tists. 
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No  attempt  is  made  in  this  unit  to  treat  the 
universe  as  a whole.  However,  the  unit  builds 
a foundation  for  a more  detailed  discussion  in 
Discovering  Our  World , Boo\  Three,  Unit  7, 
What  Is  the  Universe  Like? 

Science  background 

Discovering  Our  World,  Boo\  One:  Unit  2, 
Why  Do  All  Living  Things  Need  Air  and 
Water?  Unit  4,  Why  Do  We  Have  Days  and 
Nights  ? 

General  concepts 

1.  A star  is  a ball  of  hot  gases. 

2.  When  materials  are  heated  very  hot,  they 
give  off  light. 

3.  Groups  of  stars  are  called  constellations. 

4.  The  constellations  seem  to  move  in  the 
sky  because  the  earth  turns  on  its  axis. 

5.  The  moon  is  nearer  to  the  earth  than 
anything  else  in  the  sky. 

6.  The  moon  is  not  hot  like  the  sun;  it  gives 
light  by  reflecting  sunlight. 

7.  The  moon  appears  to  change  its  shape  be- 
cause we  cannot  always  see  all  of  its  lighted 
part. 

8.  Planets  differ  from  stars  in  that  they  do 
not  give  off  light  and  they  travel  around  the 
sun. 

9.  The  earth  is  a planet. 

10.  Shooting  stars  are  really  meteors. 

Introducing  the  unit  (Page  113) 

Have  the  children  read  the  two  paragraphs 
at  the  top  of  page  113.  Then  encourage  the 
children  to  ask  questions  about  the  heavenly 
bodies  that  they  see  in  the  sky  at  night.  The 
questions  should  be  written  on  the  blackboard. 
Then  as  the  unit  progresses,  more  questions  can 
be  added  to  the  list.  When  the  answer  to  a 
question  is  found,  it  can  be  written  opposite  the 
question.  The  children  should  be  made  aware 
of  the  many  ways  to  find  the  answers  to  their 
questions,  such  as  performing  experiments, 
making  observations  of  the  sky  at  night,  and 
reading. 
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What  is  a star?  (Pages  113-115) 

Concepts 

1.  A star  is  a ball  of  hot  gases. 

a)  Our  sun  is  a star. 

b)  Many  stars  are  much  larger  than  our 

sun. 

2.  When  materials  are  heated  very  hot,  they 
give  off  light. 

a)  Materials  change  color  with  changes  in 

temperature. 

b)  Stars  have  different  colors  because 

they  differ  in  temperature. 

Experiment 

Page  114:  To  show  that  materials  change 
color  when  they  are  heated. 

Materials:  Steel  knitting  needle  or  piece  of 
iron  wire  about  a foot  long,  pair  of  pliers,  hot 
flame. 

Information  for  the  teacher 

Picture.  Page  114.  The  man  in  the  picture 
is  looking  at  the  steel  through  an  instrument 
called  an  optical  pyrometer.  (A  pyrometer  is  a 
thermometer  for  measuring  high  tempera- 
tures.) With  this  instrument,  he  can  determine 
the  temperature  of  the  slab  of  steel. 

Procedure 

One  question  almost  universally  asked  is 
“What  is  a star?”  This  question  furnishes  an 
excellent  lead  into  the  first  problem.  After  the 
pupils  have  read  the  introduction,  have  them 
recall  from  the  previous  unit  all  that  they  have 
learned  about  the  sun.  This  information  should 
be  written  on  the  board  somewhat  as  follows: 

1.  The  sun  is  a huge  ball  of  very  hot  gases. 

2.  The  sun  gives  off  heat  and  light. 

3.  The  sun  is  more  than  a million  times  as 
large  as  the  earth. 

4.  The  sun  is  93  million  miles  from  the 
earth. 

Then  the  class  should  read  to  the  end  of  the 
paragraph  that  begins  on  page  113.  Have  the 
pupils  look  over  the  list  and  find  out  whether 
all  the  items  describe  a star. 


Item  1 checks:  Stars,  like  our  sun,  are  balls 
of  hot  gases. 

Item  2 checks:  Stars,  because  they  are  balls 
of  glowing  gases,  give  off  light  as  our  sun  does. 

Item  3 checks : Stars  are  very  large,  too,  many 
of  them  being  much  larger  than  our  sun. 

Item  4 checks:  The  stars  are  much  farther 
from  the  earth  than  our  sun.  A star  is  so  far 
away  that  it  looks  like  a tiny  point  of  light. 

Such  a procedure  should  help  the  pupils 
grasp  the  ideas  that  stars  are  suns  and  that  our 
sun  is  a star.  Then  this  information  should  be 
added  as  items  5 and  6 to  the  list  on  the  board. 

If  possible,  have  the  class  perform  the  experi- 
ment given  on  page  114  to  show  that  the  steel 
knitting  needle  or  iron  wire  changes  color  as 
it  gets  hotter  and  hotter.  The  children  can  also 
observe  that  the  wires  in  an  electric  toaster 
or  electric  heater  become  red-hot.  The  filament 
in  an  electric  lamp  becomes  even  hotter  and 
glows  with  white  heat. 

Urge  the  children  to  look  at  the  stars  to  see 
if  they  can  find  any  red  or  bluish-white  ones. 
They  should  be  warned  that  these  colors  will 
not  be  brilliant.  Many  of  the  stars  that  they  see 
will  look  yellow,  but  they  are  apt  to  find  one 
star  that  is  red  and  one  that  is  bluish-white. 
See  also  Things  to  Do,  page  137,  No.  7. 

Questions  (Page  115) 

1.  It  is  a ball  of  very  hot  gases. 

2.  Not  so  hot  as  a bluish-white  star  but  hot- 
ter than  a red  star.  Because  materials  that  are 
heated  until  they  are  yellow  are  hotter  than 
materials  that  are  heated  until  they  are  red,  but 
they  are  cooler  than  materials  that  are  heated 
until  they  are  bluish-white. 

3.  The  gases  in  the  sun  have  been  heated 
until  they  are  hot  enough  to  give  off  light. 

4.  They  are  much  farther  away  than  the  sun. 

5.  Bluish-white,  yellow,  red. 

What  is  a constellation? 

(Pages  115-121) 

Concepts 

1.  Groups  of  stars  are  called  constellations. 


2.  The  stars  and  constellations  have  names. 

3.  Knowing  the  stars  can  help  us  find  direc- 
tions. 

4.  The  Milky  Way  is  made  up  of  millions  of 
stars. 

Information  for  the  teacher 

Monthly  star  charts  and  information  about 
how  to  find  the  stars  and  constellations  can  be 
found  in  some  of  the  science  magazines  such  as 
Nature  Magazine  and  Junior  Natural  History . 
(See  Bibliography,  page  252.)  The  latter  is  espe- 
cially helpful  for  this  grade  level  since  the 
charts  are  simplified. 

Procedure 

Have  the  class  read  pages  115-117  about  the 
stars  that  form  the  Big  Dipper  and  Little  Dip- 
per. After  the  children  have  enjoyed  the  story 
of  the  Big  Bear  and  Little  Bear,  help  them  find 
stories  about  other  constellations  as  suggested 
in  Things  to  Do,  page  137,  No.  2. 

Then  have  the  pupils  read  page  118  and  the 
first  paragraph  on  page  119  to  learn  how  to 
find  the  North  Star  (Polaris),  Little  Dipper, 
and  the  Big  Dipper.  Use  the  pictures  on  pages 
116  and  118.  Urge  the  children  to  look  for  these 
stars  in  the  sky  before  bedtime. 

Have  the  children  read  the  next  paragraph 
on  page  119  and  then  find  Cassiopeia  in  the  pic- 
ture on  page  118.  Refer  the  pupils  to  the  list  of 
Science  Words  at  the  back  of  the  book  for  the 
pronunciation.  Pronounce  the  word  several 
times  so  that  the  class  can  say  it  correctly. 
Encourage  the  pupils  to  look  for  this  constella- 
tion in  the  evening  sky.  At  this  point,  some 
star  charts  of  the  constellations  Big  Dipper, 
Little  Dipper,  and  Cassiopeia  in  the  northern 
sky  should  be  made,  as  suggested  in  Things  to 
Do,  page  137,  No.  3. 

Now  have  the  class  read  the  rest  of  pages 
119  and  120  down  to  the  last  paragraph  on  page 
121  about  the  constellation  Orion  in  the  south- 
ern sky  and  about  two  bright  stars  in  it,  Betel- 
geuse  and  Rigel.  Have  the  class  find  out  how  to 
pronounce  them  by  looking  in  the  list  of  Sci- 
ence Words.  Again  pronounce  the  words  sev- 
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eral  times.  The  pupils  should  use  the  pictures 
on  pages  120  and  121  to  locate  Orion  and  find 
each  of  these  stars  in  it.  Encourage  the  children 
to  look  for  these  stars  in  the  southern  sky  at 
night.  On  a clear  night,  the  stars  in  Orion  are 
so  bright  that  the  children  should  have  little 
difficulty  in  finding  it.  Have  charts  made  of 
Orion  and  the  southern  sky,  as  suggested  in 
Things  to  Do , page  137,  No.  4.  After  the  pupils 
read  the  last  paragraph  on  page  121,  they  can 
easily  find  the  Milky  Way  extending  across  the 
sky  from  north  to  south.  Stress  the  fact  that 
when  they  are  looking  at  the  Milky  Way,  they 
are  seeing  many  millions  of  stars.  The  class 
may  wish  to  carry  out  the  activity  suggested  in 
Things  to  Do,  page  137,  No.  9. 

Questions  (Page  121) 

1.  Big  Dipper.  Face  north  and  look  at  the 
sky. 

Little  Dipper.  Follow  the  line  made  by  the 
two  “pointers”  in  the  Big  Dipper  down  to  the 
North  Star.  This  star  is  the  first  star  in  the 
handle  of  the  Little  Dipper. 

Cassiopeia.  Look  in  the  northern  sky  and 
hunt  for  a constellation  that  looks  like  a big 
letter  W. 

Orion.  During  the  winter  months,  look  in 
the  southern  sky.  Look  for  three  bright  stars 
in  a row.  This  is  Orion’s  belt.  Then  you  can 
easily  see  the  rest  of  the  constellation. 

2.  See  the  picture  on  page  118. 

3.  See  the  picture  on  page  120. 

4.  Southern  s\y:  Orion,  Little  Dog,  Great 
Dog. 

Northern  s\y:  Big  Dipper,  Little  Dipper, 
Cassiopeia. 

5.  Constellations:  Group  of  stars  that  seem 
to  make  the  shape  of  something;  have  names; 
stories  about  many  of  the  constellations. 

North  Star:  Always  in  the  north;  almost 
straight  above  the  earth’s  North  Pole;  also 
called  Polaris. 

Orion:  Large  constellation  containing  two  of 
the  brightest  stars  in  the  sky;  seen  in  the  south- 
ern sky  in  winter;  supposed  to  represent  a 
hunter  with  his  sword  and  shield. 


Why  do  the  constellations  seem  to 
move?  (Pages  122-123) 

Concept 

The  constellations  seem  to  move  in  the  sky 
because  the  earth  turns  on  its  axis. 

Experiment 

Pages  122-123:  To  find  out  why  the  stars  are 
seen  in  different  parts  of  the  sky. 

Materials:  Globe,  dark  blue  or  black  um- 
brella, white  paint  or  chalk. 

Information  for  the  teacher 

This  problem  does  not  try  to  explain  why 
most  of  the  constellations  can  be  seen  for  only 
a few  months  during  the  year.  If  the  class 
wishes  to  know,  you  might  liken  the  path  of 
the  earth  around  the  sun  to  a race  track.  If  you 
ride  around  a race  track,  you  see  different 
things  along  the  track  as  you  pass  by,  such  as 
the  starting  post,  the  grandstand,  a group  of 
friends,  some  flags,  a tall  tree,  etc.  The  same 
is  true  with  us  on  the  earth  as  it  is  racing  along 
its  path  around  the  sun.  We  can  see  one  con- 
stellation and  then  another;  and  so  on  as  we 
go  around.  This  is  because  the  earth  revolves 
around  the  sun. 

It  is  incorrect  to  say  that  the  stars  do  not 
move.  They  are  moving  at  great  speeds.  How- 
ever, their  relative  positions  do  not  change  for 
thousands  of  years.  Thus  they  appear  not  to 
move  at  all. 

Procedure 

Children  may  ask  why  a constellation  is  not 
in  the  same  place  at  10  P.M.  as  when  they  saw 
it  at  7 P.M.  By  reading  pages  122  and  123,  they 
can  find  the  answer.  The  experiment  with  the 
umbrella  held  at  the  North  Pole  of  the  globe 
shows,  in  a simple  and  understandable  way, 
that  the  stars  are  seen  in  different  places  in  the 
sky  on  the  same  night  because  the  earth  turns 
on  its  axis.  Let  each  child  stand  beside  the 
cardboard  figure  and  look  up  at  the  constella- 
tions painted  on  the  umbrella  as  the  globe  is 
turned  and  the  figure  moves  with  it. 
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Questions  (Page  123) 

1.  Because  the  earth  is  moving. 

2.  How  the  stars  can  be  used  as  a clock.  That 
the  constellations  appear  to  move. 

3.  If  the  Big  Dipper  moved  the  way  the 
hour  hands  on  a clock  move,  6 o’clock  in  the 
evening  would  be  where  6 o’clock  in  the  morn- 
ing is.  Noon  and  midnight  would  also  be  in 
opposite  positions. 

How  is  the  moon  different  from  the 
stars?  (Pages  124-125) 

Concepts 

1.  The  moon  is  nearer  to  the  earth  than  any- 
thing else  in  the  sky. 

2.  The  moon  is  not  hot  like  the  sun;  it  gives 
light  by  reflecting  sunlight. 

Procedure 

Ask  the  pupils  what  they  would  like  to  know 
about  the  moon.  List  their  questions  on  the 
blackboard.  Then,  in  so  far  as  possible,  have 
the  children  find  their  own  answers  as  they 
study  the  next  three  problems  dealing  with  the 
moon. 

Have  the  pupils  read  pages  124-125.  Be  sure 
that  they  understand  what  reflect  means.  Let 
them  use  a small  mirror  to  reflect  light  as  sug- 
gested on  page  124. 

Questions  (Page  125) 

1.  Throw  back. 

2.  Not  hot;  does  not  give  of!  its  own  light 
but  reflects  sunlight. 

3.  Light  from  the  sun  strikes  the  moon,  and 
the  moon  reflects  this  light. 

4.  Metal  has  a lighter,  smoother  surface  than 
the  road.  So  it  reflects  light  better  than  the  road 
does.  (See  the  picture  on  page  124.) 

What  is  the  moon  like? 

(Pages  125-126) 

Concepts 

1.  There  are  mountains,  valleys,  and  plains 
on  the  moon. 


2.  There  are  no  living  things  on  the  moon 
because  there  is  no  air  or  water. 

Procedure 

Have  the  pupils  read  pages  125-126.  Let  them 
examine  and  discuss  the  picture  on  page  125. 
The  pictures  on  pages  126-127  also  show  the 
surface  of  the  moon.  An  interesting  activity  is 
suggested  in  Things  to  Do,  page  137,  No.  1. 

Questions  (Page  126) 

1.  There  is  no  air  nor  water  on  the  moon. 

2.  When  sunlight  strikes  high  mountains  on 
the  moon,  it  makes  big,  long  shadows. 

3.  Mountains,  shadows. 

Why  does  the  moon  seem  to  change 
its  shape?  (Pages  127-129) 

Concepts 

1.  The  sun  lights  only  half  of  the  moon  be- 
cause the  moon  is  shaped  like  a ball. 

2.  The  moon  appears  to  change  its  shape 
because  we  cannot  always  see  all  of  its  lighted 
part. 

Experiment 

Page  128:  To  find  out  why  the  moon  seems 
to  have  different  shapes. 

Materials:  Bright  light,  ball. 

Information  for  the  teacher 

Pictures.  Pages  126-127.  The  apparent 
changes  in  the  shape  of  the  moon  are  known 
as  phases  of  the  moon.  These  photographs, 
taken  at  Yerkes  Observatory,  show  the  moon  at 
different  ages.  (Age  of  the  moon  is  figured 
from  the  time  when  the  moon  was  dark,  that 
is,  the  time  of  the  true  new  moon.)  From  left  to 
right  these  ages  are:  three  and  one-half  days 
(young  crescent  moon)  ; five  days  (first  quarter 
or  half  moon  because  one-half  of  the  lighted 
side  is  seen) ; nine  and  three-quarters  days 
(gibbous  moon,  three-quarters  full) ; sixteen 
days  (full  moon) ; eighteen  and  one-half  days; 
twenty-two  and  one-half  days  (last  quarter); 
twenty-four  days  (old  moon) . 
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Text.  If  the  experiment  described  on  page 
128  is  done,  the  reason  why  the  horns  of  the 
young  crescent  moon  and  the  old  moon  point 
in  opposite  directions  will  be  clear. 

This  experiment  is  designed  to  show  how  the 
moon  appears  when  it  is  in  different  positions 
in  relation  to  the  sun  and  the  earth.  The  moon 
does  not  travel  in  an  orbit  around  the  earth  in 
the  way  that  the  earth  travels  around  the  sun. 
The  moon  is  travelling  in  its  own  orbit  around 
the  sun.  The  orbit  of  the  moon  crosses  back  and 
forth  across  the  earth’s.  Because  of  this  and  be- 
cause of  the  speeds  at  which  the  two  bodies  are 
travelling  about  the  sun,  the  moon  appears  to 
be  revolving  about  the  earth.  It  is  not  necessary 
to  attempt  to  explain  this,  but  children  should 
not  get  the  idea  that  the  moon  revolves  around 
the  earth  in  the  same  way  that  the  earth  re- 
volves around  the  sun.  For  further  explanation 
of  the  phases  of  the  moon  and  the  movement 
of  the  moon,  consult  a general  science  textbook 
or  one  of  the  books  listed  in  the  Bibliography, 
page  252  of  this  Guidebook • 

Procedure 

Have  the  class  read  page  127  and  discuss  the 
pictures  on  pages  126-127.  Then  have  the  pu- 
pils do  the  experiment  on  page  128.  The  pic- 
tures on  pages  128-129  show  how  to  do  the 
experiment.  The  pupils’  drawings  should  re- 
semble the  pictures  on  pages  126-127. 

Questions  (Page  129) 

1.  The  moon  seems  to  change  its  shape  be- 
cause we  cannot  see  all  of  its  lighted  part  all 
the  time. 

2.  Moon:  (a),  ( c ),  ( d ),  (<?).  Star:  (b). 

3.  About  twenty-eight  days,  or  four  weeks. 

4.  Answer  depends  on  calendar. 

What  is  a planet?  (Pages  130-133) 

Concepts 

1.  Planets  reflect  light  from  the  sun  as  the 
moon  does. 

2.  Planets  travel  around  the  sun. 

3.  The  earth  is  a planet. 


4.  There  are  nine  known  planets. 

5.  The  planets  are  at  different  distances  from 
the  sun. 

6.  For  each  planet,  a year  is  the  time  that 
the  planet  takes  to  go  around  the  sun. 

Information  for  the  teacher 

Pictures.  Page  130.  The  path  that  a planet 
travels  around  the  sun  is  called  its  orbit.  The 
orbits  of  the  earth  and  the  other  planets  are 
elliptical  rather  than  circular.  Some  are  more 
nearly  circular  than  others.  Venus  has  the  most 
nearly  circular  of  the  orbits.  This  picture  is,  of 
course,  diagrammatic  and  does  not  attempt  to 
show  the  orbits  exactly. 

Page  131.  Venus  takes  584  days  to  go  through 
its  phases. 

Page  132.  The  colored  bands  on  Jupiter  are 
known  as  the  belts.  They  vary  from  time  to 
time  in  intensity  of  color  and  width.  Though 
a constant  characteristic,  the  cause  of  these 
belts  is  not  known.  The  rings  of  Saturn  are 
made  up  of  millions  of  tiny  particles  in  layers 
not  more  than  ten  miles  thick. 

Text.  A more  detailed  treatment  of  the 
planets  and  the  solar  system  will  be  found  in 
Discovering  Our  World , Boo\  Three , Unit  7. 
Pluto,  the  last  planet  discovered,  was  first  seen 
in  1930.  Magazines  such  as  Nature  Magazine 
and  Junior  Natural  History  tell  what  planets 
are  visible  each  month  and  how  to  locate  them. 

Procedure 

Have  the  pupils  read  and  discuss  pages  130- 
133,  making  use  of  the  pictures.  Encourage  the 
class  to  carry  out  the  activity  suggested  in 
Things  to  Do,  page  137,  No.  6.  Stress  the  fact 
that  scientists  are  continually  discovering  new 
things.  Because  of  this,  scientists  are  very  care- 
ful not  to  say  that  something  is  true  until  they 
have  a great  deal  of  proof.  That  is  why  a state- 
ment made  by  scientists  is  likely  to  be  true. 

Questions  (Page  133) 

1.  ( a ) They  reflect  light  as  the  moon  does; 
they  do  not  make  their  own  light.  ( b ) They 
travel  around  the  sun. 
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2.  Mercury,  Venus,  Earth,  Mars,  Jupiter, 
Saturn,  Uranus,  Neptune,  Pluto. 

3.  One  of  the  planets  was  discovered  only 
a few  years  ago.  Others  may  still  be  discovered. 

4.  ( a ) Mercury;  (b)  Saturn;  ( c ) Venus; 
(d)  Venus;  (<?)  Pluto;  (/)  Jupiter;  (g)  Pluto. 

Are  there  living  things  on  the  planets? 
(Pages  133-134) 

Concepts 

1.  Scientists  do  not  know  whether  or  not 
there  are  living  things  on  any  planet  besides 
the  earth. 

2.  Some  scientists  believe  that  there  may  be 
living  things  on  Mars. 

Information  for  the  teacher 

Picture.  Page  134.  Right.  The  white  area  at 
the  top  of  Mars  is  one  of  the  polar  caps.  There 
is  one  at  each  pole.  They  change  in  size  as  the 
seasons  change  on  Mars. 

Procedure 

Have  the  pupils  read  and  discuss  pages  133- 
134.  They  will  probably  be  very  interested  in 
reading  these  pages,  because  they  may  read 
stories  or  hear  radio  programs  about  people 
from  other  planets.  This  problem  will  help  pu- 
pils distinguish  fact  from  fancy  in  stories  they 
read  in  the  comics,  or  hear  over  the  radio. 

Questions  (Page  134) 

1.  They  are  so  far  away  from  the  sun. 

2.  It  seems  to  have  some  kind  of  air;  some- 
times has  seasons;  looks  green;  possibly  has 
plants. 

3.  Air  and  water. 

What  are  shooting  stars? 

(Pages  134-135) 

Concepts 

1.  Shooting  stars  are  really  meteors. 

a)  They  travel  toward  the  earth  at  great 
speed. 

b ) They  get  hot  and  glow  when  they 
reach  the  air  around  the  earth. 


2.  A meteorite  is  a piece  of  meteor  that  has 
fallen  to  the  earth. 

Information  for  the  teacher 

Picture.  Page  136.  This  is  the  Willamette 
Meteorite,  the  largest  found  in  the  United 
States  (1514  tons).  It  is  now  in  the  American 
Museum  of  Natural  History,  New  York  City. 

Text.  In  spite  of  the  great  numbers  of  me- 
teorites that  fall  and  the  number  that  strike  the 
earth,  very  few  have  done  damage  to  buildings. 
Since  1790,  as  far  as  the  records  show,  only 
eleven  have  struck  and  damaged  buildings  any- 
where in  the  world.  There  is  no  record  of  a 
person  having  been  injured  or  killed  by  a 
meteorite. 

Procedure 

The  pupils  should  read  and  discuss  pages 
134-135.  Have  them  refer  to  Science  Words  for 
the  pronunciation  of  meteor  and  meteorite. 

After  these  pages  have  been  studied,  the 
children  will  know  that  “shooting  stars”  are  not 
stars  at  all;  and  so  they  will  not  be  frightened 
if  they  see  a meteor  streaking  through  the  sky. 

For  an  additional  activity,  see  Things  to  Doi 
page  137,  No.  8. 

Questions  (Page  135) 

1.  Shooting  stars  are  solid  objects  travelling 
through  the  sky.  They  do  not  give  light  until 
they  reach  the  air  around  the  earth. 

2.  Rock,  iron,  or  mixtures  of  rock  and  iron. 

3.  Burns  up  or  falls  to  earth. 

4.  Answers  to  this  question  may  usually  be 
obtained  from  newspaper  or  magazine  files,  the 
nearest  museum,  or  possibly  some  long-time 
resident  of  the  area. 

Questions  to  answer  (Page  136) 

1.  Look  at  them,  using  telescopes  and  other 
instruments  such  as  cameras  on  the  telescopes; 
watch  them  to  see  how  they  change  position  in 
the  sky,  etc. 

2.  (a)  Mars;  ( b ) Moon,  Venus;  (c)  Sun, 
Moon;  (d)  Sun;  (e)  Sun;  (/)  Planets,  Moon. 
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3.  You  can  always  find  directions  if  you  can 
find  the  North  Star,  because  it  is  always  in  the 
north. 

4.  Venus : almost  same  size  as  earth;  bright- 
est planet;  seems  to  change  shape;  is  sometimes 
morning  or  evening  star;  year  is  225  of  our 
days. 

Big  Dipper:  also  called  the  Big  Bear,  or  Ursa 
Major;  found  in  the  northern  sky;  two  stars  in 
the  bowl  point  to  the  North  Star;  can  be  used 
as  a clock  because  it  moves  around  the  North 
Star. 

Mars:  farther  out  from  the  sun  than  the 
earth;  smaller  than  the  earth;  looks  red;  its 
year  almost  twice  as  long  as  the  earth’s  year; 
may  possibly  have  some  life  on  it. 

Betel ge use:  very  bright  star  in  constellation 
Orion;  reddish  in  color;  many  times  larger 
than  our  sun. 

Reflect:  means  throw  back. 

Moon:  object  in  the  sky  that  is  nearest  the 
earth;  seems  to  change  shape;  reflects  light  of 
the  sun;  has  no  air  or  water;  has  mountains, 
valleys,  and  plains. 

Pluto:  most  recently  discovered  planet; 

farthest  out  from  sun;  very  cold;  cannot  be  seen 
without  a telescope;  takes  250  of  our  years  to  go 
around  the  sun  once. 

5.  As  they  looked  at  the  stars,  they  seemed 
to  see  shapes  outlined  by  the  stars. 

6.  Moon  reflects  only  small  part  of  light 
given  off  by  the  sun. 


7.  Sunlight  is  much  brighter  than  light  from 
the  stars  because  the  sun  is  much  nearer  to  the 
earth. 

8.  Locate  the  North  Star  and  face  north. 
West  would  then  be  on  the  left  and  east  on 
the  right.  South  would  be  directly  back  of  you. 
Then  if  you  knew  in  what  direction  the  place 
you  were  trying  to  find  was,  you  would  know 
which  way  to  turn. 

Things  to  do  (Page  137) 

1.  Individual  activity. 

2.  See  the  Bibliography,  page  252,  for  names 
of  books  on  astronomy.  These  books  and  ele- 
mentary encyclopedias  will  give  the  names  of 
some  of  the  constellations  not  discussed  in  the 
text.  They  will  also  give  stories  about  some  of 
these  constellations.  Many  of  the  stories  will 
also  be  found  in  collections  of  legends  from 
Greek  mythology. 

3-4.  Refer  to  the  pictures  on  pages  118  and 
120.  Cardboard  or  wrapping  paper  can  be  used 
for  the  charts.  The  children  should  use  round 
shapes  for  the  stars  instead  of  the  conventional 
pointed  shapes,  because  the  round  shapes  will 
help  the  children  remember  that  stars  are  really 
big  balls  of  glowing  gases. 

5-8.  Individual  activities. 

9.  Different  colors  of  Christmas-tree  bulbs 
can  be  used.  Most  stars  will  be  represented  with 
yellow  bulbs.  A red  bulb  can  be  used  for  Betel- 
geuse,  and  a blue  one  for  Rigel. 


UNIT 


What  Can  Magnets  Do? 


Purpose  and  scope 
An  important  purpose  of  this  unit  is  to  help 
the  children  use  the  scientific  method.  Every 
pupil  has  a chance  to  observe,  experiment,  and 
draw  conclusions.  The  teacher  should  make  the 
most  of  the  many  opportunities  that  require 
careful  experimentation  and  the  drawing  of 
conclusions  only  after  there  is  sufficient  evi- 
dence to  justify  the  conclusion. 


This  unit  also  offers  opportunity  for  children 
to  have  fun.  While  “playing”  with  the  mag- 
nets, the  pupils  will  get  many  of  the  concepts 
firmly  fixed  in  their  minds.  The  magnets  and 
other  materials  used  in  the  experiments  should 
be  left  where  the  children  can  easily  use  them 
during  many  periods  of  the  day.  The  children 
should  be  encouraged  to  plan  experiments  of 
their  own  in  addition  to  those  given  in  the  text. 
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They  will  also  enjoy  making  various  toys  and 
games  using  magnets,  as  suggested  in  Things 
to  Do,  page  155,  Nos.  4 and  5. 

Since  this  is  the  first  treatment  of  magnetism 
in  the  Basic  Studies  in  Science  program,  only 
the  most  elementary  concepts  are  included.  The 
electromagnet  is  not  discussed  at  this  grade 
level,  because  some  knowledge  of  electricity  is 
required  for  an  adequate  understanding  of  it. 

General  concepts 

1.  Magnets  attract  iron  and  steel. 

2.  The  force  of  a magnet  will  pass  through 
many  things. 

3.  The  places  where  the  force  is  strongest  in 
a magnet  are  called  the  poles. 

4.  Every  magnet  has  two  poles,  a north  pole 
and  a south  pole. 

5.  A freely  swinging  magnet  will  point  in 
a north-and-south  direction. 

6.  Like  poles  of  magnets  repel  each  other; 
unlike  poles  attract  each  other. 

7.  The  earth  acts  like  a huge  magnet  with 
north  and  south  magnetic  poles. 

8.  The  needle  of  a compass  does  not  point 
exactly  north  because  the  geographic  poles  and 
the  magnetic  poles  are  not  in  the  same  places. 

Introducing  the  unit  (Page  139) 

If  the  teacher  holds  up  a magnet  before  the 
class  and  asks  what  it  is,  many  of  the  boys  will 
know  that  it  is  a magnet.  Then  if  she  asks 
what  a magnet  can  do,  the  replies  will  show 
that  they  have  only  a little  information.  If,  how- 
ever, she  asks  if  the  class  would  like  to  learn 
about  magnets,  she  is  likely  to  get  a unanimous 
“Yes.”  This  response  will  serve  as  a motive  for 
beginning  the  unit. 

A dramatic  way  to  start  the  unit  is  to  have 
a child  make  the  magnetic  toy  boat  described 
on  page  139.  He  can  pull  this  around  in  a pan 
of  water  by  using  one  end  of  another  magnet. 
Or  by  using  the  other  end  of  the  magnet,  he 
can  push  the  boat  away.  This,  of  course,  will 
arouse  the  curiosity  of  the  children.  They  will 
want  to  know  how  this  happens,  and  so  they 
will  be  anxious  to  read  page  139. 


What  kinds  of  magnets  are  there? 
(Page  140) 

Concepts 

1.  Magnets  are  of  different  shapes. 

2.  Most  magnets  are  made  of  steel,  but  some 
are  made  of  a mixture  of  certain  other  metals. 

3.  Lodestone  is  a magnet  found  in  the  earth. 

Information  for  the  teacher 

Magnets  must  be  handled  carefully  to  pre- 
serve their  full  magnetism.  They  should  not  be 
dropped  or  heated.  U-magnets  and  horseshoe 
magnets  are  often  supplied  with  a “keeper,” 
a bar  that  is  kept  across  the  ends  of  the  magnet 
when  it  is  not  in  use.  Bar  magnets  should  be 
kept  in  pairs  with  the  opposite  poles  in  contact. 

Pure  nickel  and  pure  cobalt  are  magnetic 
materials  that  can  be  used  as  magnets.  In  an 
alloy  (mixture  of  metals)  with  aluminum,  they 
make  a very  strong  magnet. 

The  teacher  should  have  a collection  of  mag- 
nets for  the  children  to  experiment  with.  Sev- 
eral bar  magnets  (both  large  and  small  ones), 
a horseshoe  magnet,  a U-magnet,  a lodestone, 
and  an  alnico  magnet  are  desirable.  Often 
members  of  the  class  can  bring  magnets  to 
school.  Magnets  may  also  be  bought  from  a 
scientific  supply  company.  (See  page  249  of 
this  Guidebook^) 

Procedure 

Have  the  children  examine  the  different 
kinds  of  magnets  as  well  as  a lodestone  and 
then  read  page  140.  They  may  find  other  stories 
about  the  finding  of  lodestone  in  reference 
books  such  as  elementary  encyclopedias.  The 
pupils  may  also  wish  to  find  out  what  kind  of 
mineral  lodestone  is,  where  it  is  found,  etc. 

What  kinds  of  things  will  a magnet 
pick  up?  (Pages  141-143) 

Concepts 

1.  Magnets  attract  iron  and  steel. 

2.  Materials  that  can  be  picked  up  by  a mag- 
net are  called  magnetic  materials. 
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3.  Materials  that  cannot  be  picked  up  by  a 
magnet  are  called  non-magnetic  materials. 

4.  The  pull  that  a magnet  has  is  called  its 
force. 

5.  The  force  of  a magnet  can  act  at  a dis- 
tance from  the  magnet  to  pull  things  to  it. 

Experiments 

Page  141:  To  find  out  what  kinds  of  things 
a magnet  will  pick  up. 

Materials:  Magnet,  tacks,  nails,  needles, 
pins,  copper  penny,  brass  key,  rubber  band, 
eraser,  pen  points,  paper  clips,  scraps  of  paper, 
bits  of  cardboard,  pieces  of  iron,  steel,  wood, 
and  chalk,  sand,  glass  object,  silver  dime,  iron 
filings. 

Page  143:  To  find  out  from  how  far  a 
magnet  can  attract  a piece  of  iron. 

Materials  : Magnet,  iron  nail,  ruler. 

Information  for  the  teacher 

Possibly  not  all  pins  will  be  attracted  by  a 
magnet.  Some  are  made  of  brass,  which  is  non- 
magnetic. They  are  coated  with  another  metal 
and  look  like  pins  made  of  steel. 

Procedure 

The  first  paragraph  on  page  141  should  be 
read  to  furnish  a purpose  for  doing  the  experi- 
ment to  find  out  what  kinds  of  things  a magnet 
will  pick  up.  Stress  the  necessity  of  following 
directions  carefully,  as  brought  out  in  the  sec- 
ond paragraph  on  page  141.  Then  after  the 
children  have  done  the  experiment  and  read 
pages  141  and  142,  suggest  that  they  read  this 
first  paragraph  again  to  see  whether  it  is  true. 
Then  have  the  pupils  do  the  experiment  on 
page  143. 

Questions  (Page  143) 

1.  So  that  you  will  not  make  mistakes  and 
get  the  wrong  answer. 

2.  Try  to  pick  it  up  with  a magnet.  If  the 
magnet  picks  it  up,  it  is  magnetic;  if  the  mag- 
net does  not  pick  it  up,  it  is  non-magnetic. 

3.  Because  it  can  pull  things  toward  it.  It 
can  make  things  move. 


4.  Magnetic  materials,  such  as  iron,  steel, 
nickel,  cobalt. 

5.  No.  The  experiment  with  the  magnet  and 
the  nail  showed  that  the  magnet  could  attract 
the  nail  even  if  it  was  not  touching  the  nail. 

What  kinds  of  materials  will  the 
force  of  a magnet  pass  through? 
(Pages  143-144) 

Concept 

The  force  of  a magnet  will  pass  through 
many  materials. 

Experiment 

Page  143 : To  show  that  the  force  of  a magnet 
can  act  through  materials. 

Materials:  Magnet,  piece  of  window  glass, 
books,  iron  nails. 

Procedure 

Have  the  pupils  read  the  first  two  paragraphs 
on  page  143  and  then  do  the  experiment.  They 
can  check  their  results  by  reading  page  144. 
Encourage  the  children  to  think  up  and  try 
experiments  to  find  out  whether  the  force  of 
a magnet  will  go  through  paper,  cloth,  card- 
board, thin  wood,  and  other  materials  that 
they  may  suggest.  There  are  many  things  they 
might  do,  such  as  completely  wrap  a nail  in 
cloth  or  paper  and  then  try  to  pick  it  up  with 
a magnet. 

What  are  the  poles  of  a magnet? 
(Pages  144-146) 

Concepts 

1.  The  force  of  a magnet  is  strongest  near 
its  ends. 

2.  The  ends  of  the  magnet  where  the  force 
is  strongest  are  called  the  poles. 

3.  Every  magnet  has  two  poles,  a north 
pole  and  a south  pole. 

4.  A freely  swinging  magnet  will  point 
north  and  south. 

5.  The  north  pole  points  toward  the  north 
and  the  south  pole  toward  the  south. 
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Experiments 

Page  144:  To  find  out  what  part  of  a magnet 
has  the  most  force. 

Materials  : Bar  magnet,  iron  tacks,  steel 
paper  clips. 

Page  145:  To  find  out  what  part  of  a magnet 
has  the  most  force. 

Materials:  Bar  magnet,  horseshoe  magnet, 
U-magnet,  iron  filings. 

Pages  145-146:  To  find  out  why  the  poles  of 
a magnet  are  called  north  and  south. 

Materials:  Bar  magnet  with  poles  marked 
N and  S,  string,  wooden  stand. 

Procedure 

Have  the  pupils  do  the  experiments  on  page 
144  and  the  first  paragraph  on  page  145.  After 
discussing  the  results  and  their  conclusions, 
they  should  read  the  second  paragraph  on  page 
145.  Next,  have  them  do  the  experiment  de- 
scribed in  the  last  paragraph  on  the  same  page 
and  the  first  on  page  146.  The  concluding  para- 
graph should  then  be  read  to  check  their 
findings. 

If  pupils  have  difficulty  in  answering  ques- 
tion 3 at  the  bottom  of  page  146,  ask  them  to 
plan  and  carry  out  an  experiment  to  help  find 
the  answer. 

Questions  (Page  146) 

1.  The  X’s  should  be  near  the  ends  of  the 
magnets. 

2.  Near  the  ends.  At  the  places  where  the 
force  is  strongest. 

3.  Any  magnetic  materials  that  might  be 
near  would  attract  the  hanging  magnet  and  it 
would  not  be  able  to  swing  freely  and  so  to  turn 
to  the  north. 

How  do  magnets  act  toward  each 
other?  (Pages  147-149) 

Concepts 

1.  Two  poles  of  the  same  kind  are  called 
li\e  poles;  poles  of  different  kinds  are  called 
unli\e  poles. 

2.  Like  poles  of  magnets  repel  each  other. 


3.  Unlike  poles  of  magnets  attract  each 
other. 

4.  A magnet  whose  poles  are  known  can  be 
used  to  find  the  poles  of  a magnet  on  which 
they  are  not  marked. 

Experiments 

Pages  147-148:  To  find  out  how  magnets  act 
toward  each  other. 

Materials:  Two  bar  magnets  with  their 
poles  marked  N and  S,  two  U-magnets,  two 
horseshoe  magnets,  string,  wooden  stand. 

Page  148:  To  find  out  the  poles  of  a magnet 
that  is  not  marked. 

Materials:  Bar  magnet  marked  N and  S, 
U-magnet  that  is  unmarked. 

Information  for  the  teacher 

Magnets  obtained  from  supply  houses  are 
usually  marked.  On  some  magnets,  only  one 
pole  is  marked.  This  is  usually  the  north  pole, 
which  is  marked  with  N or  sometimes  +.  If 
only  one  marked  magnet  is  at  hand  for  the  first 
experiment,  mark  the  second  before  starting 
the  experiment. 

Procedure 

If  a magnetic  toy  boat  was  used  to  introduce 
the  unit,  have  a pupil  put  the  boat  in  a pan 
of  water  and  again  show  how  the  boat  can  be 
moved.  Then  have  the  children  read  the  first 
paragraph  on  page  147.  They  are  now  ready  to 
do  the  experiment,  which  is  in  two  parts.  The 
first  part  (page  147)  deals  with  the  repulsion 
of  like  poles,  and  the  second  part  (page  148) 
deals  with  the  attraction  of  unlike  poles.  Pupils 
should  do  the  first  part  and  give  their  own 
explanations  before  reading  the  explanation  in 
the  next  two  paragraphs.  The  findings  can  be 
written  on  the  board  somewhat  as  follows: 

N pole  pushed  away  another  N pole. 

S pole  pushed  away  another  S pole. 

Now  have  the  children  read  and  discuss  the 
explanation  in  the  next  two  paragraphs.  Then 
ask  them  what  conclusion  they  can  add  to  the 
findings  written  on  the  board.  This  conclusion 
should  be  written  as  follows: 
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Like  poles  of  magnets  repel  each  other. 

Before  the  pupils  do  the  second  part  of  the 
experiment,  ask  them  what  they  think  will  hap- 
pen if  the  N pole  is  brought  near  the  S pole  or 
vice  versa.  Write  the  predictions  on  the  board 
and  then  have  the  pupils  do  the  experiment  to 
check  the  predictions.  As  in  the  first  part  of  the 
experiment,  the  findings  can  be  written  on  the 
board : 

N and  S poles  pulled  toward  each  other. 
Then  the  children  should  read  the  next  three 
paragraphs  and  add  the  conclusion  : 

Unlike  poles  of  magnets  attract  each  other. 

The  pupils  should  verify  the  rules  that  tell 
how  magnets  act  by  doing  the  experiment  in 
the  next  paragraph.  They  should  see  that  the 
rules  apply  to  different  shapes  of  magnets.  The 
experiment  shows  how  the  rules  may  be  used 
to  find  the  N and  S poles  of  an  unmarked 
magnet.  After  the  pupils  have  done  the  experi- 
ment, they  should  read  the  concluding  para- 
graph and  answer  the  question  in  the  last  sen- 
tence. They  can  verify  their  answer  by  using 
the  U-magnet  to  find  the  N and  S poles  of 
another  unmarked  magnet. 

Questions  (Page  149) 

1.  Like  poles  repel  each  other;  unlike  poles 
attract  each  other. 

2.  Yes.  Every  magnet  has  two  poles,  one 
N and  one  S.  The  unmarked  pole  will  be 
south  if  the  marked  pole  is  N.  You  will  then 
know  both  poles  of  one  magnet.  By  seeing 
which  ends  of  the  unmarked  magnet  are  at- 
tracted or  repelled  by  the  N and  S poles  of  the 
known  magnet,  you  can  label  the  unmarked 
one. 

3.  No.  If  it  were  a magnet,  one  end  would 
be  an  N pole  and  repel  the  N pole  of  the 
magnet. 

4.  Yes.  It  shows  that  it  has  two  different 
poles,  an  S pole  that  is  repelled  by  the  S pole 
of  the  magnet  and  an  N pole  that  is  attracted 
by  it. 

5.  The  bar  magnet  will  be  attracted  to  the 
N pole  of  the  other  magnet,  as  any  piece  of 
magnetic  material  would  be. 


Why  will  a magnet  point  toward  the 
north  and  the  south? 

(Pages  149-150) 

Concepts 

1.  The  earth  acts  like  a huge  magnet. 

2.  The  earth  has  two  poles,  the  north  mag- 
netic pole  and  the  south  magnetic  pole. 

3.  The  north  magnetic  pole  attracts  the 
north-pointing  pole  of  a magnet;  the  south 
magnetic  pole  attracts  the  south-pointing  pole. 

Information  for  the  teacher 

The  earth’s  north  magnetic  pole  is  actually 
an  S pole  when  the  earth  is  considered  as  a 
magnet.  This  is  known  to  be  true  because  it 
attracts  the  N pole  of  a hanging  magnet.  Con- 
versely, the  earth’s  south  magnetic  pole  is  ac- 
tually an  N pole  when  the  earth  is  considered 
as  a magnet. 

Procedure 

While  the  class  is  studying  this  problem,  have 
a marked  bar  magnet  hanging  from  a wooden 
stand.  The  pupils  can  observe  this  as  they  dis- 
cuss the  text.  The  three  important  things  they 
have  learned  about  magnets  should  be  written 
on  the  board.  After  the  children  have  read  and 
discussed  page  149,  a fourth  thing  should  be 
added  to  the  list: 

The  earth  itself  acts  like  a huge  magnet. 
Then  have  the  pupils  read  to  the  end  of  the 
problem.  At  this  point,  pupils  may  ask  either 
or  both  of  the  following  questions: 

1.  Why  does  the  N pole  of  a hanging  mag- 
net point  toward  the  earth’s  north  magnetic 
pole?  Two  N poles  should  repel  each  other. 

2.  Are  the  earth’s  magnetic  poles  at  the 
North  and  South  Poles?  (In  other  words,  are 
the  magnetic  poles  the  same  as  the  geographic 
poles  at  the  ends  of  the  earth’s  axis?) 

If  the  first  question  arises,  ask  the  class:  “If 
the  N pole  of  a hanging  magnet  points  toward 
the  north,  what  kind  of  pole  must  the  earth’s 
north  magnetic  pole  be?”  (S  pole.)  “Why?” 
(Unlike  poles  attract  each  other.)  But  if  the 
question  does  not  arise,  do  not  raise  it.  Unless 
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the  pupils  want  to  know  the  answer,  the  infor- 
mation may  only  confuse  them  at  this  grade 
level.  If  the  second  question  is  asked,  answer 
“No”  and  tell  the  pupils  that  they  will  learn 
more  about  it  later  in  the  unit  (pages  153-154). 

How  can  you  make  a compass? 

(Pages  150-152) 

Concepts 

1.  A compass  is  used  to  tell  direction  on  the 
earth. 

2.  A magnetic  material  can  itself  be  made 
into  a magnet  by  rubbing  it  on  a magnet. 

Experiment 

Page  151 : To  make  a compass. 

Materials  : Marked  magnet,  steel  needle, 
flat  piece  of  cork,  knife,  glass  or  china  dish, 
water. 

Procedure 

An  inexpensive  compass,  such  as  the  one 
pictured  on  page  152,  should  be  available  for 
the  pupils  to  examine  and  use.  Boys,  especially 
Wolf  Cubs,  may  have  compasses  that  they  can 
bring  to  school.  Have  the  pupils  read  to  the 
last  paragraph  on  page  151  and  then  make  a 
compass  like  the  one  described  in  the  text. 
The  directions  should  be  carefully  followed. 
Be  sure  that  the  children  do  not  rub  the  needle 
back  and  forth  on  one  pole  of  the  magnet. 

After  the  compass  has  been  made,  the  pupils 
should  read  and  discuss  the  rest  of  the  problem. 
Have  the  children  verify  their  answer  to  ques- 
tion 5 by  bringing  a magnet  near  a compass. 

Questions  (Page  152) 

1.  So  that  it  will  be  sure  to  show  the  direc- 
tions accurately. 

2.  Describe  the  activity  on  page  151. 

3.  Sailors,  explorers,  hunters,  trappers,  air- 
plane pilots,  etc. 

4.  It  can  be  used  to  find  directions  when  the 
sky  is  cloudy  or  dark  so  that  you  could  not  use 
the  sun  or  stars  to  help  you. 

5.  The  needle  of  the  compass  will  move. 


How  can  you  use  a compass? 

(Pages  153-154) 

Concept 

The  needle  of  a compass  does  not  point  ex- 
actly north  because  the  geographic  poles  and 
magnetic  poles  are  not  in  the  same  places. 

Experiment 

Page  153:  To  find  directions  with  a compass. 

Material:  Compass  with  colored  needle. 

Information  for  the  teacher 

The  geographic  North  Pole  is  often  spoken 
of  as  true  north.  Because  of  the  difference  in 
the  positions  of  the  magnetic  pole  and  the  geo- 
graphic pole,  the  compass  needle  will  not  point 
directly  north  in  most  places.  Many  maps  are 
made  to  show  this  difference  between  true 
north  and  magnetic  north.  This  difference  is 
called  the  magnetic  declination.  There  is  a 
curving  line  (the  agonic  line)  that  runs 
through  both  poles.  This  line  is  marked  “No 
variation.”  Only  on  this  line  does  the  compass 
point  true  north.  Strangely  enough,  the  mag- 
netic poles  of  the  earth  slowly  change  their 
positions.  The  constant  moving  of  the  magnetic 
poles  makes  it  necessary  for  governments  to 
make  new  magnetic  maps  of  the  earth  from 
time  to  time.  An  almanac  such  as  the  World 
Almanac  will  tell  what  the  variation  is  in  differ- 
ent parts  of  Canada.  A map  of  this  kind  can 
be  found  in  Science  Activities,  Boo\  T wo  ( W. 
J.  Gage  Limited,  1957). 

Procedure 

By  reading  the  directions  on  page  153,  the 
children  can  easily  learn  to  use  a compass.  It 
will  help  them  to  find  out  where  north,  south, 
east,  and  west  are  if  they  carry  out  the  direc- 
tions given  in  the  second  column  of  page  153. 

The  last  paragraph  explains  that  the  geo- 
graphic poles  and  the  magnetic  poles  are  not 
in  the  same  place  and  that  the  compass  needle 
points  toward  the  magnetic  poles.  Therefore,  a 
compass  needle  does  not  usually  point  to  true 
north.  It  is  neither  necessary  nor  desirable  to 
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go  further  into  this  subject  for  children  at  this 
grade  level. 

Questions  (Page  154) 

1.  Answers  will  include:  used  to  find  direc- 
tions; needle  is  a magnet  with  an  N and  an  S 
pole;  the  N pole  is  usually  marked  in  some 
way;  does  not  point  exactly  to  the  geographic 
North  Pole  in  most  places  on  the  earth. 

2.  At  the  geographic  poles. 

Questions  to  answer  (Pages  154-155) 

1.  It  would  hold  the  tack  for  you. 

2.  No.  Magnets  will  not  attract  silver  and 
gold,  which  are  non-magnetic  materials. 

3.  Consult  an  almanac  for  the  variation  in 
your  locality.  Knowing  this  would  help  you 
find  out  where  north  is  or  whether  you  should 
turn  a little  east  or  a little  west  to  find  north. 


4.  Jimmy.  He  did  not  jump  to  conclusions 
after  one  observation.  He  tried  more  than  one 
experiment  before  he  drew  conclusions.  Jimmy. 

Things  to  do  (Page  155) 

1.  True:  {a),  (*),  (c),  (d). 

2.  The  force  of  a magnet  will  not  pass 
through  iron  and  steel. 

3.  The  magnet  that  moves  the  needle  more 
vigorously  is  the  stronger. 

4-5.  The  magnet  should  be  strong  and  the 
objects  light. 

6.  An  electromagnet  consists  of  a coil  of 
wire  wound  around  an  iron  core.  It  acts  as  a 
magnet  only  when  a current  flows  through  the 
wire.  Consult  a high-school  general  science 
book  or  one  of  the  elementary  encyclopedias. 
Electromagnets  are  studied  in  the  unit  on 
“Electric  Current”  in  Discovering  Our  World , 
Boo\  Three. 


UNIT 


How  Can  You  Keep  Well ? 


Purpose  and  scope 

One  purpose  of  this  unit  is  to  provide  pupils 
with  a basis  for  an  intelligent,  cooperative  atti- 
tude toward  the  various  school  activities  de- 
voted to  health  and  safety.  Pupils  should 
realize  the  importance  of  the  school  nurse,  the 
school  doctor,  and  the  safety  patrol.  Another 
purpose  is  to  develop  in  the  children  greater 
attention  to  their  own  health  and  safety. 

The  emphasis  in  the  unit  is  on  the  positive 
side.  It  helps  the  children  know  the  things  that 
are  good  for  them.  It  tells  the  boys  and  girls 
why  these  things  are  good  for  them.  In  so  far 
as  possible,  children  should  understand  the 
scientific  reasons  for  developing  good  health 
and  safety  habits. 

This  unit  gives  an  overview  of  good  health 
practices  and  the  reasons  underlying  them.  A 
more  detailed  treatment  of  these  practices  will 


be  found  in  Discovering  Our  World,  Boo\ 
Two,  Unit  7,  and  Boo\  Three,  Unit  4.  Addi- 
tional safety  information  is  provided  at  appro- 
priate places  throughout  the  series,  such  as 
Boo\  Two,  Units  3 and  6,  Boo\  Three,  Units 
1,  5,  and  6. 

Science  background 

Discovering  Our  World , Boo\  One:  Unit  2, 
Why  Do  All  Living  Things  Need  Air  and 
Water?  Unit  3,  How  Does  Your  Body  Work? 

General  concepts 

1.  Signs,  or  symptoms,  show  when  your 
body  is  not  running  well. 

2.  Proper  care  of  your  body  helps  keep  it 
healthy. 

3.  Eating  the  proper  foods  is  necessary  for 
having  a healthy  body. 
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4.  Proper  amounts  o£  exercise  and  rest  are 
important  for  good  health. 

5.  Clothes  that  are  suitable  for  the  weather 
and  that  fit  properly  are  aids  to  good  health. 

6.  Many  diseases  are  caused  by  germs  that 
get  inside  your  body. 

7.  Many  people  are  injured  by  accidents 
that  could  easily  be  prevented  if  people  learned 
to  work  and  play  safely. 

Introducing  the  unit  (Page  157) 

If  several  children  have  been  absent  from 
school  because  of  illness  and  have  missed  some 
interesting  school  activity,  this  will  furnish  an 
excellent  approach  to  the  unit.  The  picture  on 
page  156  of  boys  on  a hike  should  arouse  an 
interesting  discussion.  Have  the  pupils  read  on 
page  156  what  they  will  learn  in  the  study  of 
this  unit  and  then  discuss  the  introduction  on 
page  157. 

How  do  you  feel  when  you  are  sick? 
(Pages  158-160) 

Concepts 

1.  Signs,  or  symptoms,  show  when  your 
body  is  not  running  well. 

2.  Chills,  fever,  headache,  sore  throat,  etc., 
are  symptoms. 

3.  The  sooner  the  doctor  learns  the  symp- 
toms, the  sooner  he  can  help  your  body  get 
well. 

Information  for  the  teacher 

Pictures.  Page  158.  The  doctor  is  taking  the 
child’s  pulse. 

Page  159.  The  teacher  is  using  the  Betts  Tele- 
binocular,  which  has  a battery  of  cards  for  the 
stereoscope  and  tests  for  many  visual  defects. 

Text.  Page  159.  The  rate  of  the  pulse  de- 
creases from  birth  to  adolescence.  At  birth,  it  is 
about  130  a minute  and  in  an  adult,  about 
70  a minute.  However,  this  number  may  vary 
between  60  and  75  in  people  who  are  perfectly 
healthy.  In  animals  the  pulse  rate  is  much 
higher  in  small  ones  than  in  large  ones.  For 
example,  a canary  bird’s  heart  beats  at  a rate  of 


1000  a minute,  while  an  elephant  has  a pulse 
rate  of  only  25. 

Procedure 

Let  the  children  tell  about  times  when  they 
were  sick,  how  terrible  they  felt,  how  bad  the 
medicine  tasted,  etc.  This  should  make  them 
realize  that  they  would  much  rather  be  well. 
Keeping  well,  therefore,  becomes  important  to 
them. 

Have  the  pupils  read  and  discuss  pages  158- 
160.  Be  sure  the  children  understand  and  can 
pronounce  the  word  symptoms.  If  possible, 
have  the  school  doctor  or  school  nurse  talk  to 
the  class,  as  suggested  in  Things  to  Do,  page 
181,  No.  5. 

Questions  (Page  160) 

1.  A doctor  can  help  you  get  well  more 
quickly. 

2.  It  helps  him  find  out  what  is  wrong  with 
you  and  how  to  cure  it. 

3.  A sign  that  helps  the  doctor  find  out  what 
is  wrong.  Cold  symptoms:  headache,  chills, 
fever,  sore  throat,  sneezing,  coughing,  etc. 

4.  No.  Unless  you  have  been  told  by  a doc- 
tor what  to  take,  it  is  not  wise  to  buy  adver- 
tised medicines  for  symptoms  if  you  do  not 
know  what  is  causing  these  symptoms.  Many 
diseases  have  similar  or  the  same  symptoms, 
and  you  may  cause  a more  serious  illness  by 
taking  the  wrong  medicine. 

5.  Because  we  may  not  always  be  aware  of 
sickness  in  slight  forms.  Even  in  the  absence 
of  illness,  a doctor  can  help  you  keep  well. 

How  can  you  help  keep  your  body 
well?  (Pages  160-165) 

Concepts 

1.  It  is  important  not  to  overwork  your 
heart. 

2.  Developing  good  posture  helps  keep  your 
lungs  healthy. 

3.  Eating  properly,  brushing  your  teeth  cor- 
rectly, and  seeing  the  dentist  regularly  keeps 
your  teeth  healthy. 
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4.  There  are  correct  ways  of  caring  for  the 
ears  and  eyes. 

5.  Cleanliness  and  proper  care  of  the  skin 
are  important  in  keeping  well. 

6.  Your  body  will  work  better  if  you  are 
happy  and  unworried. 

Information  for  the  teacher 

Charts,  pamphlets,  and  other  supplementary 
material  related  to  this  problem  and  those  fol- 
lowing can  be  obtained  from: 

American  Dental  Association.  222  East  Su- 
perior Street,  Chicago  11,  Illinois.  Write  for 
the  list  of  Dental  Health  Educational  Material. 

American  Medical  Association.  535  North 
Dearborn  Street,  Chicago  10,  Illinois. 

Canadian  Medical  Association.  135  St.  Clair 
Avenue  West,  Toronto  5,  Ontario. 

Association  for  Childhood  Education  Inter- 
national. 1200  15th  Street,  Northwest,  Wash- 
ington 5,  D.C.  Healthful  Living  for  Children 
and  other  pamphlets. 

Canadian  Association  for  Childhood  Educa- 
tion. 139  Chatham  Avenue,  Toronto,  Ontario. 

Association  for  Family  Living.  28  East 
Jackson  Boulevard,  Chicago  4,  Illinois. 

Procedure 

As  the  pupils  are  studying  this  problem, 
have  them  make  a list  of  the  ways  to  keep  well. 
This  list  should  be  somewhat  as  follows: 

1.  Don’t  overwork  your  heart  by  exercising 
too  hard  or  too  long. 

2.  Breathe  deeply. 

3.  Sit  up  straight  and  stand  up  straight. 

4.  Brush  your  teeth  each  morning  and  eve- 
ning. 

5.  Drink  plenty  of  milk  and  eat  fresh  fruits 
and  vegetables. 

6.  Take  proper  care  of  your  ears  and  eyes. 

7.  Take  a warm  bath  or  shower  at  least 
twice  a week. 

8.  Take  proper  care  of  cuts  and  burns. 

9.  Be  happy  and  unworried. 

10.  Start  the  good  habit  of  keeping  well. 

The  list  can  be  written  on  the  board  or  made 
into  a wall  chart.  It  should  be  kept  before  the 
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class  during  the  study  of  this  unit.  From  time 
to  time,  pupils  may  make  additions  to  the  list. 
For  other  activities  in  connection  with  this 
problem,  see  Things  to  Do,  page  180,  Nos.  3 
and  4. 

Questions  (Page  165) 

1.  Rules  will  vary  but  should  include  the 
items  mentioned  in  Procedure. 

2.  Heart  pumps  the  blood  that  carries  food 
and  oxygen  to  all  parts  of  your  body.  Lungs 
get  the  oxygen  that  you  need  into  your  blood. 
Ears  may  be  injured,  causing  deafness.  Eyes 
may  be  strained  or  injured,  causing  poor  sight. 
Teeth  grind  and  prepare  food  for  your  body, 
and  must  be  taken  care  of  so  that  they  will  last 
a long  time.  Skin  keeps  germs  from  getting 
into  your  body,  and  must  be  kept  clean  and 
healthy. 

3.  Germs  may  be  forced  from  your  nose  up 
into  your  ears. 

4.  By  having  them  checked  by  a doctor  or 
dentist. 

5.  Because  it  allows  germs  to  get  into  your 
body  through  the  skin. 

How  does  food  help  you  keep  well? 
(Pages  166-168) 

Concepts 

1.  Eating  the  proper  foods  is  necessary  for 
having  a healthy  body. 

2.  Your  body  needs  fuel  foods  (or  energy- 
giving foods),  body-building  foods,  protective 
foods,  and  water. 

3.  Carefully  planned  meals  will  insure  that 
your  body  gets  enough  of  the  necessary  foods. 

Information  for  the  teacher 

Pictures.  Pages  166-167.  The  specific  names 
for  the  different  kinds  of  foods  have  not  been 
given  in  this  unit.  The  pictures  show  the  dif- 
ferent kinds  of  foods  as  follows: 

1.  Energy  foods: 

Fats:  butter,  oil,  fat  meat,  lard. 
Carbohydrates:  starches  (bread,  oatmeal, 
potatoes);  sugars  (molasses,  sugar). 


2.  Body-building  foods : 

Protein  (chiefly)  : meat,  eggs,  fish,  cheese, 
beans. 

Protein  and  minerals:  milk. 

3.  Protective  foods : 

Vitamins  (chiefly)  : tomato  juice,  carrots, 
whole-wheat  bread,  butter,  oranges,  grapefruit, 
lettuce,  celery,  tomatoes. 

Vitamins  and  minerals : milk. 

Page  168.  The  pictures  show  well-balanced 
meals  because  there  are  portions  of  each  kind 
of  food  represented  in  the  selections. 

Text.  It  is  not  necessary  to  go  into  detail 
about  the  different  vitamins  and  what  each 
one  does.  This  information  is  given  in  Discov- 
ering Our  World,  Boo\  Two,  Unit  7.  At  this 
level  it  is  sufficient  to  stress  the  importance  of 
eating  vitamin-giving  foods  and  the  fact  that 
such  a diet  will  supply  sufficient  vitamins  under 
normal  conditions. 

The  teacher  must  often  use  tact  in  discussing 
home  food  situations  with  the  students.  If  she 
knows  the  general  circumstances  of  her  pupils, 
she  can  approach  the  subject  without  causing 
embarrassment  because  of  special  food  customs 
or  economic  conditions. 

A very  helpful  bulletin  on  the  teaching  of 
nutrition  at  the  elementary  level  is  published 
by  the  U. S.  Office  of  Education:  Nutrition 
Education  in  the  Elementary  School.  Nutrition 
Education  Series  Pamphlet  No.  1.  It  can  be 
obtained  from  the  Superintendent  of  Docu- 
ments, United  States  Government  Printing 
Office,  Washington  25,  D.C.,  at  a small  cost. 

A number  of  excellent  pamphlets,  charts,  and 
films  on  nutrition  and  health  may  be  obtained 
from  your  provincial  health  department  as  well 
as  from  some  of  the  large  food  companies. 

Procedure 

As  the  children  are  reading  and  discussing 
these  pages,  have  them  also  study  the  pictures. 
These  will  help  them  remember  the  foods  that 
are  energy-giving,  body-building,  or  protective. 

Encourage  pupils  who  bring  their  lunches  to 
school  to  have  the  three  kinds  of  foods  in  their 
lunches.  For  example,  a cheese  and  lettuce  sand- 


wich made  of  whole-wheat  bread  spread  with 
butter  has  the  three  kinds  of  food  in  it.  Pupils 
who  eat  lunch  at  home  or  in  the  school  cafe- 
teria should  be  asked  to  tell  what  they  would 
choose  so  as  to  get  the  three  kinds  of  foods. 

Additional  activities  are  suggested  in  Things 
to  Do,  page  181,  Nos.  6 and  7. 

Questions  (Page  168) 

1.  Because  different  kinds  of  foods  are  used 
for  different  things.  Some  food  gives  you  pep 
and  energy;  some  helps  you  grow;  some  helps 
keep  you  from  getting  sick;  and  some  helps 
make  blood  and  other  liquids  in  your  body. 

2.  Milk  helps  build  bones  and  teeth. 

3.  No.  You  may  not  need  the  extra  vitamins, 
and  you  may  also  take  the  wrong  ones. 

4.  By  knowing  which  foods  your  body  needs 
and  choosing  some  of  each  of  those  foods. 

5.  Answers  will  vary.  Lists  should  include 
each  of  the  three  kinds  of  foods  because  the 
body  needs  some  of  each  kind. 

6.  Eating  between  meals  may  spoil  your 
appetite,  and  then  you  will  not  eat  the  foods 
your  body  needs. 

Why  do  you  need  exercise  and  rest? 
(Pages  169-170) 

Concept 

Proper  amounts  of  exercise  and  rest  are  im- 
portant for  good  health. 

Procedure 

As  the  pupils  are  studying  these  pages,  stress 
the  importance  of  getting  the  proper  amount 
of  exercise  and  rest.  Children  are  likely  to  get 
too  much  exercise  and  too  little  rest.  Most  chil- 
dren do  not  want  to  go  to  bed  early.  But  after 
reading  about  the  purpose  of  rest,  they  should 
realize  the  importance  of  getting  enough  sleep. 
If  a child  goes  to  bed  at  an  early  hour  for  sev- 
eral months,  he  will  soon  get  the  habit.  Have 
the  children  figure  out  what  time  they  need  to 
go  to  bed  to  get  eleven  hours’  sleep  if  they  get 
up  at  7 :00,  7 :30,  8 :00,  etc. 
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Questions  (Page  170) 

1.  Rules  listed  in  text,  pages  169  and  170. 

2.  Exercise  and  rest  help  you  keep  well.  Ex- 
ercise makes  your  muscles  strong  and  makes 
you  breathe  deeply.  Rest  gives  your  body  time 
to  repair  the  parts  that  are  worn  out  during 
the  day. 

How  can  the  right  clothes  help  you 
keep  healthy?  (Pages  170-171) 

Concept 

Clothes  that  are  suitable  for  the  weather  and 
that  fit  properly  are  important  for  good  health. 

Procedure 

Have  the  pupils  read  and  discuss  the  text 
down  to  the  last  paragraph  that  begins  on  page 
170.  Be  sure  that  they  understand  the  reasons 
for  wearing  suitable  clothing.  Urge  them  to 
wear  such  clothing  not  only  to  school  but  at 
all  other  times.  They  are  more  likely  to  do  so 
after  they  understand  the  reasons.  Now  have 
the  pupils  read  to  the  end  of  the  problem  and 
look  at  the  pictures  on  page  171. 

Questions  (Page  171) 

1.  Your  coat  keeps  the  heat  of  your  body 
from  getting  away. 

2.  In  winter,  you  should  wear  clothes  that 
will  keep  the  heat  from  getting  away  from  your 
body  and  keep  you  warm.  In  summer,  you 
should  wear  clothes  that  will  let  the  heat  get 
away  and  keep  you  cool.  In  wet  weather,  you 
should  wear  clothes  that  keep  your  body  dry 
because  heat  gets  away  easily  through  wet 
clothes. 

3.  Answers  individual. 

How  can  you  keep  from  catching 
diseases?  (Pages  172-174) 

Concepts 

1.  Many  diseases  are  caused  by  germs  that 
get  inside  your  body. 

2.  Germs  may  get  into  your  body  in  several 
different  ways. 
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3.  There  are  many  ways  of  preventing  germs 
from  getting  into  your  body. 

Information  for  the  teacher 

Pictures.  Page  172.  Keeping  cows  and  barns 
clean  so  that  the  milk  will  be  clean  involves 
keeping  the  barn  scrubbed  out,  washing  the 
cows,  using  sterile  milk  pails  with  covers,  using 
clean  food,  keeping  clean  straw  on  the  floor, 
having  milkers  wear  clean  clothes  and  keep 
their  hands  clean  when  milking,  etc. 

Page  173.  Taking  a bite  from  a piece  of  food 
that  is  being  eaten  by  another  child  is  one  way 
of  getting  disease  germs. 

Text.  Pasteurization  means  heating  the  milk 
to  144°  Fahrenheit  and  keeping  it  at  this  tem- 
perature for  30  minutes,  or  by  keeping  it  at 
161  °F.  for  16  seconds.  Flome  pasteurization  is 
recommended  where  commercially  pasteurized 
milk  is  not  available. 

Public  drinking  cups  are  still  to  be  found  in 
some  places.  Stress  the  necessity  for  avoiding 
use  of  them. 

Procedure 

As  this  problem  is  being  studied,  the  class 
should  list  all  the  ways  that  the  text  mentions 
to  prevent  germs  from  getting  into  the  body. 
These  ways  should  be  written  on  the  black- 
board and  referred  to  from  time  to  time.  The 
list  should  be  somewhat  as  follows : 

1.  Keep  cuts  and  breaks  in  the  skin  clean. 

2.  Keep  dirty  fingers  out  of  your  mouth. 

3.  Eat  and  drink  only  clean  food  and  water. 

4.  Fruits  and  vegetables  must  be  carefully 
washed  before  they  are  eaten. 

5.  Food  should  be  kept  covered  so  flies  can- 
not get  at  it. 

6.  Buy  food  only  from  stores  that  keep  food 
clean. 

7.  Drink  only  clean  milk. 

8.  It  is  safest  to  drink  pasteurized  milk. 

9.  Be  sure  the  water  that  you  drink  is  safe. 

10.  Do  not  drink  out  of  cups  left  in  public 
places. 

11.  When  using  a drinking  fountain,  do  not 
touch  it  with  your  mouth. 


12.  Stay  away  from  school  or  other  people 
when  you  have  a cold. 

13.  Cover  your  nose  and  mouth  with  a hand- 
kerchief when  you  sneeze  or  cough. 

For  additional  activities,  see  Things  to  Do, 
page  180,  No.  2 and  page  181,  No.  8. 

Questions  (Page  174) 

1.  Through  cuts  and  breaks  in  your  skin, 
through  food  and  water,  by  putting  your  fin- 
gers in  your  mouth,  through  your  nose  when 
you  breathe.  Keep  your  skin  clean  and  healthy; 
food  and  water  should  be  clean;  milk  should 
be  pasteurized;  use  your  own  cup  or  glass; 
keep  your  fingers  out  of  your  mouth;  etc. 

2.  Milk  should  be  pasteurized,  and  the  water 
should  be  tested.  Germs  can  easily  get  into 
your  body  when  you  drink  unclean  water  or 
milk. 

3.  Your  fingers  touch  many  things  that  have 
germs  on  them.  If  you  put  your  fingers  into 
your  mouth,  the  germs  get  into  your  body. 

4.  Germs  are  tiny  plants  or  animals  that  can 
make  you  sick  when  they  get  inside  your  body 
and  grow  there.  They  can  get  into  your  body 
in  many  ways.  We  must  try  to  prevent  germs 
from  entering  the  body.  Coughing  spreads 
germs  very  quickly.  If  you  must  cough,  be  sure 
to  cover  your  nose  and  mouth  with  a hand- 
kerchief. Pasteurizing  is  a way  of  heating  milk 
enough  to  kill  any  germs  that  may  be  in  it. 

How  can  you  keep  from  having 
accidents?  (Pages  174-179) 

Concept 

Many  people  are  injured  by  accidents  that 
could  easily  be  prevented  if  people  learned  to 
work  and  play  safely. 

Information  for  the  teacher 

Pictures.  Pages  175  and  179.  These  show  sit- 
uations that  could  cause  accidents. 

Pages  176,  177,  and  178.  These  pictures  show 
proper  safety  methods. 

Text.  The  Ontario  Safety  League,  1170  Bay 
Street,  Toronto,  has  pamphlets  and  charts  on 


various  aspects  of  safety.  A list  of  available 
materials  will  be  sent  to  teachers  throughout 
Canada  upon  request. 

Procedure 

Needless  to  say,  the  importance  of  prevent- 
ing accidents  cannot  be  stressed  too  much.  The 
purpose  of  this  problem  is  to  make  pupils 
safety  conscious  and  resolved  to  do  everything 
possible  to  prevent  accidents  to  themselves  and 
others.  If  pupils  do  careless  or  dangerous 
things,  discuss  these  things  with  them  and  show 
them  why  their  behavior  is  likely  to  cause  an 
accident.  When  accidents  happen  in  the  school 
or  community,  discuss  how  they  might  have 
been  prevented.  See  also  Things  to  Do,  page 
181,  Nos.  9 and  10. 

As  the  pupils  are  studying  these  pages,  have 
them  list  the  safety  rules  given  in  the  text  and 
add  any  others  that  they  think  are  important. 
The  list  should  be  put  on  the  board  or  made 
into  a wall  chart  so  that  it  will  be  a constant 
reminder  to  the  class. 

Questions  (Page  179) 

1.  The  pictures  on  pages  176,  177,  and  178 
show  ways  of  acting  safely.  Accidents  of  cars 
hitting  children  can  be  prevented  by  having 
safety  patrol  boys;  riding  bicycles  near  the  curb 
on  the  right  side  of  the  street  will  help  prevent 
cars  from  running  into  them;  letting  motorists 
know  that  certain  hills  are  being  used  for 
coasting  and  coasting  only  on  those  hills  will 
prevent  many  accidents. 

2.  Swimming:  Wait  two  hours  after  eating 
before  going  swimming;  do  not  go  alone;  stay 
in  shallow  water  if  you  are  not  a good  swim- 
mer. 

Walking  to  school : If  you  walk  on  the  high- 
way, walk  on  the  left  side;  stop  and  look  both 
ways  at  crossings. 

Skating:  Do  not  skate  in  the  street;  watch 
for  other  people. 

Riding  a bicycle:  Ride  your  bicycle  on  the 
right  side  of  the  street  near  the  curb;  have  a 
bell  and  lights  for  riding  at  night. 
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Playground:  Be  careful  of  other  people  on 
the  playground. 

Coasting:  Coast  only  on  a hill  that  is  safe 
from  cars. 

3.  Lists  may  include:  Never  leave  things 
where  people  may  fall  over  them.  Handle 
scissors  and  knives  carefully.  Never  play  with 
matches.  Do  not  touch  medicines  or  bottles  in 
the  medicine  cabinet. 

Questions  to  answer  (Page  180) 

1.  Cut  fingers,  broken  teeth,  infection,  cut 
foot.  Safety  rules  might  be:  Do  not  play  with 
machines  that  may  hurt  you.  Do  not  shove  or 
push  other  children  to  “show  off.”  Watch 
where  you  step.  Do  not  leave  boards  with  nails 
in  them  where  they  may  be  stepped  on.  Do 
not  use  hatchets  or  any  sharp  tools  carelessly. 

2.  Each  person  should  have  his  own  per- 
sonal things  and  use  only  his  own  because 
germs  are  easily  carried  on  these  things.  They 
should  be  kept  clean  at  all  times. 

3.  Answers  will  vary. 

4.  List  may  include:  overexercise  (may 
harm  your  heart) ; have  poor  posture  (you  can- 


not breathe  properly) ; read  in  poor  light 
(causes  eyestrain);  put  sharp  objects  in  your 
ears  (may  harm  your  eardrums) ; neglect  to 
keep  your  skin  clean  (germs  may  enter  your 
body  more  easily). 

5.  Answers  will  vary. 

Things  to  do  (Pages  180-181) 

1.  Answers  will  vary  but  should  include 
this  idea:  If  you  understand  how  your  body 
may  become  sick  or  injured,  you  can  help  keep 
yourself  well. 

2.  Individual  or  group  activity. 

3-4.  Individual  activity.  Pictures  should  be 
mounted  on  cardboard  for  display. 

5.  The  teacher  should  tell  the  doctor  or 
nurse  what  the  class  is  studying  so  that  these 
aspects  of  health  and  safety  can  be  stressed. 

6-7.  Individual  activity. 

8.  Refrigeration  and  pasteurizing  are  two 
ways  to  keep  foods  fresh  and  clean. 

9.  Individual  activity. 

10.  Local  automobile  clubs  or  the  police 
department  will  usually  be  glad  to  help  in 
organizing  a Safety  Patrol. 


unit  Oo  How  Do  Animals  and  Plants  Grow? 


Purpose  and  scope 

The  first  unit  of  this  book  brought  out  the 
fact  that  growth  is  a characteristic  of  all  living 
things.  To  understand  this  more  thoroughly, 
children  need  to  know  about  some  of  the 
changes  that  take  place  as  living  things  grow. 
Another  characteristic  of  living  things  is  that 
they  need  food.  Since  growth  depends  on  food, 
this  unit  provides  an  opportunity  for  further 
development  of  these  basic  understandings. 

Children  are  aware  of  the  difference  in  size 
of  young  and  mature  animals.  Through  the 
study  of  this  unit,  pupils  should  become  con- 
scious of  the  various  changes  in  structure  that 


take  place  in  the  process  of  growth.  They 
should  learn  that  growing  plants  and  animals 
take  in  materials  from  outside  and  change 
these  into  the  materials  of  which  they  are 
made.  Food  is  essential  to  the  growth  of  all 
living  things. 

The  situations  described  in  this  unit  can  be 
duplicated  in  the  classroom.  It  is  essential  that 
many  of  the  basic  understandings  be  learned 
through  actual  observation  of  live  plants  and 
animals.  The  unit  provides  a valuable  back- 
ground for  later  units  of  the  series,  such  as 
Discovering  Our  World,  BooI{  Two , Units  8 
and  9,  and  Boo\  Three , Unit  9. 
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Science  background 

Loo\  and  Learn:  Unit  1,  Animals;  Unit  4, 
Outdoors 

All  Around  Us:  Unit  1,  Animals;  Unit  4, 
Plants 

How  Do  We  Know?:  Unit  1,  Animals;  Unit 
3,  Plants 

Discovering  Our  World , Boo\  One:  Unit  1, 
How  Are  the  Things  of  the  World  Put  into 
Groups?  Unit  2,  Why  Do  All  Living  Things 
Need  Air  and  Water? 

General  concepts 

1.  All  living  things  change  as  they  grow. 

2.  The  material  added  during  growth  is 
made  by  living  things  from  the  food  that  they 
use. 

3.  Insects  and  amphibians  go  through  dis- 
tinct changes  as  they  grow. 

4.  Mammals,  birds,  reptiles,  and  fish  change 
in  certain  ways  as  they  grow. 

5.  A seed  is  a baby  plant  with  food  that 
starts  it  growing  and  a covering  that  protects  it. 

6.  Stems  and  roots  increase  in  length  by 
growing  at  their  ends. 

7.  Some  plants  get  thicker  by  adding  layers 
of  wood;  some  get  thicker  by  growing  all 
through  the  inside. 

8.  It  takes  a long  time  for  trees  to  grow  big. 

9.  Since  trees  are  important  to  us  in  many 
ways,  we  must  conserve  our  trees  and  use  them 
wisely. 

10.  Roots,  stems,  and  leaves  of  plants  grow 
in  certain  directions. 

Introducing  the  unit  (Page  183) 

Information  for  the  teacher 

Pictures.  Page  182.  This  picture  was  taken 
in  a cage  for  live  birds  in  a museum.  The  boy 
is  one  of  the  “junior  curators.”  He  is  feeding 
worms  to  the  young  robins.  A hawk,  an  owl,  and 
a mourning  dove  are  also  living  in  the  same 
cage. 

Page  183.  Mountain  lion  and  young.  The 
spots  disappear  from  the  cubs  as  they  grow 


older.  This  animal  ranges  from  Canada  to 
southern  South  America.  In  different  parts  of 
its  range,  it  is  variously  known  as  the  puma, 
the  cougar,  or  the  panther. 

Procedure 

An  interesting  way  to  begin  this  unit  is  to 
ask  one  of  the  pupils  to  bring  a photograph  of 
himself  as  a baby,  but  not  to  show  it  or  tell  the 
other  children.  Hold  this  photograph  up  before 
the  class  and  ask  the  pupils  if  they  know  who 
it  is.  Then  have  the  class  compare  the  child  as 
he  is  now  with  the  picture  taken  when  he  was 
a baby.  This  shows  that  the  child  has  changed 
as  he  has  grown. 

Then  let  the  pupils  read  page  183.  Stress  the 
difference  between  the  way  the  snowman  grows 
and  the  way  a child  grows.  If  they  do  not  recall 
comparing  a snowman  with  a real  man  to  see 
the  difference  between  living  and  non-living 
things,  have  them  read  the  first  two  paragraphs 
on  page  15.  Also  have  them  list  the  five  ways 
in  which  all  living  things  are  alike  as  given  on 
page  12.  One  of  these  ways  is  that  living  things 
can  grow.  Another  is  that  living  things  need 
food. 

What  happens  when  animals  grow? 
(Pages  184-185) 

Concepts 

All  living  things  change  as  they  grow. 

a)  They  get  larger. 

b ) They  may  add  new  parts. 

c ) They  may  change  from  one  form  to  an- 
other. 

Information  for  the  teacher 

Pictures.  Page  184.  The  blacksnake,  which 
grows  to  a length  of  six  feet,  is  found  in  eastern 
North  America.  This  large  snake  is  not  only 
harmless,  but  also  is  useful  in  maintaining  the 
balance  of  nature. 

Page  185.  Phoebe  and  young.  Eastern  and 
central  Canada. 
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Procedure 

As  the  pupils  are  reading  pages  184  and  185, 
encourage  them  to  tell  about  experiences  with 
anything  that  involved  growth  in  animals,  such 
as  finding  a snake  skin,  tadpoles,  growing  pets, 
chicks,  etc.  Have  the  children  make  many  com- 
parisons of  young  and  mature  animals  such 
as  children  with  their  parents;  chick  with  hen; 
baby  elephant  with  mother  elephant;  etc.  In 
each  comparison,  have  the  class  note  the  addi- 
tion of  new  parts  as  the  animals  grow  older. 
Children  get  more  teeth,  a chick  gets  a comb 
and  feathers,  an  elephant  gets  tusks,  etc.  Also 
bring  out  the  fact  that  some  animals  change 
so  much  as  they  grow  older  that  they  look  en- 
tirely different  from  the  way  they  were  when 
young,  for  example,  a tadpole  and  a frog.  For 
additional  activities  suitable  for  this  problem, 
see  Things  to  Do,  page  214,  Nos.  4 and  5. 
Questions  (Page  185) 

1.  Answers  may  include:  (a)  Cats,  dogs, 
horses,  etc.,  get  bigger  when  they  grow.  Their 
legs  get  longer,  bodies  fuller,  etc.  (b)  Frogs  add 
legs;  birds  add  feathers,  etc.  (c)  Frogs,  butter- 
flies, moths,  mosquitoes  all  look  like  different 
kinds  of  living  things  at  different  times. 

2.  Grown  larger,  have  teeth,  more  hair,  etc. 

How  do  insects  grow? 

(Pages  186-190) 

Concepts 

Insects  go  through  distinct  changes  in  form 
as  they  grow. 

a)  Some  insects  have  four  stages  in  their 

life. 

b ) Some  insects  have  only  three  stages  in 

their  life. 

Observations 

Pages  186-187:  To  observe  the  changes  in  a 
butterfly. 

Materials:  Caterpillar  or  chrysalis  of  a but- 
terfly (Monarch  if  possible),  box  or  cage,  food. 
(See  pages  240-241  of  this  Guidebook) 

Page  188:  To  observe  the  changes  in  a moth. 

Materials:  Caterpillar  or  cocoon  of  a moth 
(Cecropia  if  possible),  box  or  cage,  food. 


Information  for  the  teacher 

Pictures.  Pages  186-187.  Caterpillar,  chrysalis, 
and  adult  of  the  Monarch  butterfly,  also  known 
as  the  milkweed  butterfly  because  the  caterpil- 
lar feeds  on  milkweed.  Caterpillars  found  in 
September  will  make  a chrysalis,  emerge,  and 
if  liberated,  will  migrate  south.  Large  numbers 
gather  together  and  migrate  south  in  the  fall. 
A few  of  these  return  north  in  the  spring. 

Pages  188-189.  Eggs,  caterpillar,  cocoon,  and 
adult  of  the  Cecropia  moth.  This  is  one  of  the 
silkworm  moths,  and  it  is  the  largest  species. 
It  may  have  a wingspread  as  great  as  six  inches. 
The  males  have  bushy  antennae  and  the  fe- 
males slender  ones.  The  caterpillars  eat  the 
leaves  of  various  trees,  including  walnut  and 
hickory. 

Page  190.  Top,  eggs,  young  grasshopper  (or 
nymph),  adult.  Grasshoppers  and  crickets  do 
not  go  through  a larval  stage.  This  is  known 
as  incomplete  metamorphosis.  The  nymphs 
differ  from  the  adults  in  their  large  heads  and 
lack  of  wings.  The  grasshopper  lays  her  eggs 
in  cases  about  an  inch  below  ground.  She  lays 
the  eggs  in  the  fall  and  they  hatch  in  the  spring. 
Bottom,  eggs,  young  cricket,  adult  cricket.  The 
eggs  of  the  cricket  are  laid  individually  in  the 
ground. 

Page  191.  This  picture  illustrates  the  differ- 
ences between  moths  and  butterflies. 

Text.  The  four  stages  that  an  insect  may  go 
through  in  its  life  cycle  are  egg,  larva  (cater- 
pillar), pupa  (cocoon  or  chrysalis),  adult. 
Changing  from  one  form  to  another  in  this 
way  is  known  as  metamorphosis.  To  keep  the 
technical  vocabulary  at  a minimum,  the  terms 
larva,  pupa,  and  metamorphosis  are  not  used 
in  the  text.  However,  the  term  larva  may  be 
taught  or  the  word  caterpillar  may  be  used  for 
this  stage.  Worm  should  not  be  used  for  larva. 
This  is  a common  but  incorrect  use,  as  a true 
worm  never  becomes  an  insect.  An  earthworm 
is  a true  worm. 

Tomato  worms  finally  form  one  of  the  kinds 
of  the  Sphinx  moth.  Carrot  worms  change  into 
one  of  the  swallowtail  butterflies.  Larvae  may 
be  difficult  to  identify.  Identifications  are  more 
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frequently  made  when  the  adults  emerge  from 
the  cocoons  or  chrysalises.  See  Bibliography, 
page  252  of  this  Guideboo\,  for  books  that  will 
help  in  identification. 

When  collecting  cocoons,  the  children  may 
find  it  difficult  to  tell  a live  cocoon  from  a dead 
one.  Live  cocoons  are  usually  heavier  and 
thump  when  they  are  shaken.  Dead  cocoons 
are  usually  light  and  rattle  when  they  are 
shaken.  Small  holes  in  the  cocoons  are  usually 
an  indication  that  the  pupa  has  been  eaten 
by  a parasite. 

If  cocoons  are  kept  indoors  during  the  win- 
ter, they  should  be  sprinkled  with  water  two 
or  three  times  each  month.  Cocoons  may  be 
put  into  a box  and  kept  outdoors  during  the 
winter.  Bring  the  box  indoors  in  March  or 
April.  If  no  cocoons  are  collected,  the  complete 
life  history  of  moths  may  be  observed  by  grow- 
ing silk  worms.  Eggs  may  be  obtained  from 
biological  supply  houses  at  low  cost.  See  page 
249  of  this  Gaideboo\. 

Procedure 

Watching  insects  grow  through  their  differ- 
ent stages  is  one  of  the  most  exciting  things 
that  children  can  do.  Have  the  pupils  read  the 
text  and  carry  on  the  activities  as  the  class  in 
the  book  did.  The  pupils  should  have  collected 
many  different  kinds  of  caterpillars.  Cages 
should  be  made  for  them  and  food  provided. 
The  caterpillars  (larvae)  eat  the  kind  of  leaves 
on  which  they  were  found.  Urge  children  to 
notice  this  when  catching  them  so  that  fresh 
leaves  may  be  brought  daily.  Too  many  cater- 
pillars should  not  be  put  together  in  one  box. 
The  class  should  take  the  responsibility  of  car- 
ing for  all  the  materials  in  the  classroom.  A 
good  plan  is  to  choose  several  committees,  each 
having  its  own  duty  to  perform. 

Insect  eggs,  cocoons,  and  chrysalises  should 
also  be  brought  to  class.  If  cocoons  or  chrysa- 
lises were  collected  in  the  fall,  put  them  in  in- 
sect cages  in  the  spring  where  the  children  will 
be  more  likely  to  see  the  moth  or  butterfly 
emerge.  In  fact,  the  boys  and  girls  will  need 


to  watch  their  insects  carefully,  or  they  will 
miss  some  of  the  interesting  changes.  Various 
groups  should  be  assigned  to  check  up  hourly 
on  the  stages  when  something  is  likely  to  hap- 
pen, such  as  a caterpillar  molting  its  skin,  spin- 
ning a cocoon  or  making  a chrysalis,  or  emerg- 
ing from  it. 

The  class  should  also  find  eggs  and  larvae 
of  ants  and  flies  as  well  as  of  moths  and  butter- 
flies to  show  that  these  insects  have  four  stages 
in  their  life,  namely  egg,  larva,  pupa  (cocoon 
or  chrysalis),  adult.  Stress  the  fact  that  an 
adult  insect  does  not  grow  any  larger.  A little 
fly  with  wings  does  not  grow  into  a big  fly. 

Have  the  children  draw  pictures  of  the  dif- 
ferent growth  stages  of  the  insects  that  they 
observe.  Color  and  label  each  picture.  Different 
groups  of  children  may  each  make  a large  chart 
showing  the  life  story  of  an  insect. 

After  the  boys  and  girls  have  thoroughly 
learned  the  four  stages  through  which  many 
insects  grow,  they  should  then  study  the 
growth  of  grasshoppers  and  crickets,  pages 
189-190.  In  the  spring,  young  grasshoppers  and 
crickets  are  easily  found.  If  these  are  put  in  a 
cage  and  provided  with  food  daily,  they  can 
be  observed  to  molt  several  times  and  become 
full-grown  grasshoppers  or  crickets  with  wings. 

Have  the  children  make  drawings  of  the 
growth  stages  of  grasshoppers  and  crickets, 
namely,  egg,  young,  adult.  Large  charts  may 
be  made  by  different  groups  of  pupils. 

Additional  activities  related  to  this  problem 
will  be  found  in  Things  to  Do , page  214,  Nos. 
1,  2,  3,  and  6. 

Questions  (Page  190) 

1.  Egg,  caterpillar,  chrysalis,  butterfly. 

2.  Egg,  small  grasshopper  or  cricket  without 
wings,  adult  insect  with  wings. 

3.  The  skin  does  not  grow.  It  gets  too  tight 
as  the  animal  grows  from  the  inside.  After  a 
caterpillar  sheds  its  skin,  it  can  grow  larger. 

4.  Butterfly.  It  changes  its  whole  appearance 
in  various  stages  while  a cat  only  grows  larger. 

5.  Wings. 
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6.  Chrysalis.  Cocoon. 

7.  Housefly. 

How  do  amphibians  grow? 

(Pages  191-194) 

Concepts 

Amphibians  go  through  distinct  changes  in 
form  as  they  grow. 

a)  They  are  hatched  from  eggs  in  water 
and  breathe  through  gills. 

b)  They  develop  lungs  for  breathing  on 
land. 

Observation 

Pages  191-193:  To  observe  the  changes  in 
frogs  or  toads  as  they  grow. 

Materials:  Aquarium  or  large  glass  jar,  frog 
eggs  or  toad  eggs,  tadpoles. 

Information  for  the  teacher 

Pictures.  Pages  192-193 : Development  of  the 
leopard  frog. 

Page  194.  Toads’  eggs.  There  may  be  from 
4000  to  7000  eggs  in  a string. 

Text.  Some  tadpoles  develop  more  rapidly 
than  others,  depending  on  the  kind.  Toad 
tadpoles  develop  more  rapidly  than  frog  tad- 
poles. The  times  for  developing  from  eggs 
to  adult  of  some  toads  and  frogs  are: 

Common  toad 6-7  weeks 

Leopard  frog 2-2  % months 

Pickerel  frog 2-2%  months 

Spring  peeper 2-3  months 

Green  frog  .......  1-2  years 

Bullfrog  2 years 

When  frog  eggs  are  collected,  they  should  be 
kept  in  water  from  the  pond  where  they  were 
found.  The  young  growing  tadpoles  eat  vege- 
table matter  (pond  scum,  water  weeds,  etc.). 
Do  not  keep  too  many  in  one  container.  See 
pages  241-242  of  this  book  for  information  on 
keeping  tadpoles  and  frogs  in  an  aquarium. 

The  pupils  may  recall  another  amphibian, 
the  salamander,  from  Discovering  Our  World, 
Boo/{  One,  Unit  1.  The  development  of  these 
amphibians  is  similar  in  that  the  young  have 
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gills  and  the  adults  have  lungs.  The  term 
tadpoles  is  usually  not  used  for  the  young  of 
any  amphibian  other  than  those  that  lose  their 
tails  when  they  grow  to  adults,  as  the  frogs 
and  toads  do.  The  young  of  the  other  types, 
such  as  salamanders,  are  referred  to  as  larvae. 

Procedure 

Have  the  pupils  read  these  pages  and  carry 
on  the  activities  as  the  class  in  the  book  did. 
Get  some  tadpoles  so  that  the  children  can  see 
them  grow  larger  and  eventually  change  into 
frogs  or  toads,  or  get  some  frog  eggs  or  toad 
eggs  and  watch  them  hatch.  Usually  there  is 
a boy  who  knows  of  a pond  where  he  can  get 
the  eggs.  Emphasize  the  change  that  takes  place 
inside  a tadpole’s  body.  It  breathes  with  gills 
in  water.  As  it  grows,  it  develops  lungs  for 
living  on  land.  Recall  that  this  is  a character- 
istic of  amphibians. 

Questions  (Page  194) 

1.  Get  hind  legs,  get  front  legs,  come  out  of 
the  water,  molt  their  skins. 

2.  One  with  front  legs. 

3.  A toad  tadpole. 

How  do  other  groups  of  animals  grow? 
(Pages  194-196) 

Concepts 

Mammals,  birds,  reptiles,  and  fish  change  in 
certain  ways  as  they  grow. 

a)  Snakes  molt  their  skins  while  they  are 
growing. 

b ) Some  young  birds  have  no  feathers, 
and  others  are  covered  with  down. 

c ) Many  mammals  change  the  markings 
of  their  coats  as  they  grow. 

Information  for  the  teacher 

Magazines  such  as  Nature  Magazine , Nat- 
ural History  Magazine,  Outdoors  Illustrated, 
and  books  such  as  Parade  of  the  Animal  King- 
dom will  give  much  additional  background 
material  for  this  problem.  See  the  Bibliogra- 
phy, which  starts  on  page  252. 


Procedure 

Have  the  class  recall  the  other  groups  of 
animals  that  they  studied  in  the  first  unit  of 
the  text.  These  are  mammals,  birds,  reptiles, 
and  fish.  Encourage  the  children  to  find  pic- 
tures and  tell  of  their  own  experiences  to 
show  how  animals  in  these  different  groups 
grow.  Then  let  the  pupils  read  and  discuss 
pages  194-196. 

Questions  (Page  196) 

1.  Insects,  amphibians. 

2.  Fish  grow  larger;  birds  grow  feathers 
and  get  larger;  mammals  grow  larger,  some- 
times change  their  markings,  grow  fur,  hair, 
etc. 

How  do  plants  with  seeds  begin  to 
grow?  (Pages  197-199) 

Concepts 

1.  A seed  is  a baby  plant  with  food  that 
starts  it  growing  and  a covering  that  protects 
it. 

2.  The  little  plant  goes  through  many 
changes  as  it  begins  to  grow. 

3.  It  takes  different  lengths  of  time  for  dif- 
ferent seeds  to  grow. 

Observations 

Pages  197-198:  To  observe  how  a seed 
sprouts  and  how  the  plant  changes  as  it  grows. 

Materials:  Box  of  good  soil  about  four 
inches  deep,  bean  seeds,  corn  seeds,  one  dozen 
flat  wooden  sticks  for  plant  labels. 

Pages  197-198:  To  study  the  structure  of  a 
seed. 

Materials:  Bean  seeds,  corn  seeds,  magnify- 
ing glass. 

Information  for  the  teacher 

Pictures.  Page  197.  This  shows  how  the 
observation  on  pages  197-198  should  be  set  up. 
Be  sure  that  the  box  has  good  drainage.  Select 
good  seeds  so  that  a high  percentage  will  sprout. 

Page  198.  Left,  bean  seed.  Right,  corn  seed. 
Corn  and  bean  seeds  are  representative  of  the 


two  large  groups  of  flower-bearing  seed  plants. 
The  embryo  of  a plant  consists  of  an  axis  with 
one  or  two  leaves,  called  cotyledons,  and  the 
parts  that  develop  into  the  stem,  roots,  and  true 
leaves  of  the  mature  plant.  The  plants  that  have 
seeds  with  one  cotyledon  are  called  monocoty- 
ledons. Corn  represents  this  group,  which  also 
includes  the  other  grains  such  as  wheat,  oats, 
etc.,  grasses,  lilies,  iris,  palms,  etc.  The  plants 
that  have  seeds  with  two  cotyledons  are  called 
dicotyledons.  In  most  plants  of  this  group,  the 
seed  leaves  are  fleshy  food-storage  organs,  and 
are  easily  recognized.  Beans,  peas,  and  most  of 
the  flowering  plants  belong  to  this  group. 

In  the  picture  of  the  bean  seed,  the  parts 
labelled  “plant  food”  are  the  cotyledons.  In  the 
picture  of  the  corn  seed,  the  cotyledon  is  not 
so  easily  seen.  It  is  the  large  outside  leaf  at  the 
left  on  the  embryo  plant.  In  this  kind  of  seed, 
the  food  for  the  embryo  is  stored  in  another 
structure. 

If  the  children  grow  other  types  of  dicot 
seeds,  they  may  find  that  not  all  of  them  bring 
their  cotyledons  above  ground  when  they 
sprout.  Peas,  for  example,  have  the  cotyledons 
underground  when  they  grow.  Pupils  may 
wish  to  sprout  different  kinds  of  seeds  so  that 
they  can  watch  them  develop.  The  seeds  can  be 
sprouted  on  moist  blotting  paper. 

Procedure 

The  pupils  should  read  these  pages  and  carry 
on  the  activities.  Have  them  plant  bean  seeds 
and  corn  seeds  as  directed  on  page  197.  This 
should  be  begun  two  weeks  before  the  class  is 
ready  to  study  this  problem.  Also,  about  six 
weeks  before  the  study  of  plant  growth,  have 
different  children  plant  seeds  of  green  beans, 
nasturtium,  petunia,  zinnia,  and  morning  glory 
so  that  the  plant  cycle  from  seed  to  seed  may  be 
completed  by  the  time  this  unit  is  completed. 
Have  enough  soaked  beans  and  soaked  corn  so 
that  each  child  may  have  one  of  each  to  exam- 
ine. A magnifying  glass  will  help  in  observing 
the  structure  of  the  seeds  as  shown  in  the  pic- 
ture on  page  198. 
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Questions  (Page  199) 

1.  To  get  plants  of  different  ages  so  as  to  see 
how  plants  change  as  they  grow. 

2.  The  root. 

3.  They  are  getting  smaller  because  the  food 
inside  is  being  used  up. 

4.  It  has  dried  up  and  dropped  off. 

5.  It  has  been  used  up  by  the  growing  plant. 

How  do  plants  grow  taller? 

(Pages  200-201) 

Concept 

The  stems  and  branches  of  plants  grow 
longer  by  growing  at  their  ends. 

Experiments  and  observations 

Page  200:  To  find  out  how  a plant  grows 
taller. 

Materials:  Growing  bean  plant  from  the 
experiment  on  pages  197-198,  waterproof  black 
ink,  pen,  ruler. 

Page  201:  To  observe  how  twigs  and 
branches  grow  longer. 

Materials:  Twigs  without  leaves,  such  as  the 
horse  chestnut  or  the  cottonwood  poplar,  which 
show  the  rings  and  scars  most  clearly  and  are 
most  easily  studied. 

Information  for  the  teacher 

Pictures.  Page  201.  Top , bean  plant  used  in 
the  observation  on  page  200.  Bottom.  The  rings 
on  the  branch  are  made  by  the  scars  left  when 
the  terminal  bud  scales  fall  off.  There  are  also 
scars  left  by  the  leaves  when  they  fall  off.  These 
are  known  as  leaf  scars.  There  are  two  leaf 
scars  at  the  base  of  the  terminal  bud  in  the 
picture.  The  other  marks  along  the  stem  are 
lenticels , or  “breathing  holes,”  in  the  bark. 
These  allow  oxygen  to  get  into  the  cells  of  the 
stem  under  the  bark. 

Procedure 

Have  the  pupils  look  at  the  pictures  on  page 
200  and  try  to  decide  what  they  show.  Then  let 
them  read  the  first  paragraph  and  give  their 


own  explanations  of  why  the  horseshoe  re- 
mained the  same  distance  above  the  ground. 
Then  the  pupils  should  do  the  experiment  as 
directed  on  page  200.  Be  sure  that  they  make 
use  of  the  picture  at  the  top  of  the  next  page. 
Have  them  measure  the  distances  between 
points  1 and  2 and  points  2 and  3.  They  should 
observe  that  these  distances  do  not  increase  as 
the  plant  grows  taller. 

If  pupils  have  difficulty  in  understanding 
why  the  horseshoe  stayed  at  the  same  height 
above  the  ground,  use  a pile  of  books  to  dem- 
onstrate what  happens.  Make  a small  pile  with 
a book  of  a different  color,  such  as  red,  on  top. 
Then  add  more  books,  one  by  one,  to  the  pile. 
Let  the  children  observe  that  the  red  book  stays 
in  the  same  place  as  the  pile  grows  taller. 

Have  the  pupils  read  page  201  and  examine 
twigs,  using  the  picture  at  the  bottom  of  the 
page.  Let  them  find  the  bud  at  the  end  and  also 
the  rings  that  show  each  year’s  growth.  Empha- 
size the  fact  that  last  year’s  growth  is  at  the 
end.  The  pupils  may  wish  to  label  each  year’s 
growth.  See  also  Things  to  Do,  page  214,  Nos. 
7,  8,  9,  and  12. 

Questions  (Page  201) 

1.  By  counting  the  spaces  between  the  rings 
of  rough  bark  around  it.  Each  one  shows  a 
year’s  growth. 

2.  They  grow  taller  by  growing  at  the  top. 
You  can  show  this  by  marking  the  stems. 

3.  No.  The  tree  grows  from  the  ends  of  the 
branches. 

How  do  the  roots  of  plants  grow 
longer?  (Pages  202-204) 

Concept 

Roots  grow  longer  by  growing  at  their  ends. 

Experiment 

Page  202:  To  find  out  how  the  roots  of  plants 
grow  longer. 

Materials  : Bean  or  corn  plants  from  experi- 
ment on  pages  197-198,  waterproof  black  ink, 
ruler,  pen,  box,  moist  sawdust. 
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Information  for  the  teacher 

Picture.  Page  203.  The  increase  in  length  in 
the  intervals  just  back  of  the  growing  tip  is 
brought  about  by  the  elongation  of  the  cells  in 
this  region  and  not  by  the  addition  of  new  cells. 
The  growth  in  length  of  the  root  is  brought 
about  by  the  addition  of  new  cells  in  the  grow- 
ing region  at  the  tip  and  also  by  the  elongation 
of  the  cells  just  back  of  the  tip.  After  these  cells 
have  elongated  a certain  amount,  they  do  not 
further  increase  in  length.  Therefore,  the  inter- 
vals farthest  from  the  tip  do  not  increase  in  size. 

Procedure 

Have  the  pupils  do  the  experiment  on  page 
202,  using  the  pictures.  The  experiment  will 
require  the  teacher’s  help,  since  it  must  be  done 
carefully.  Caution  the  pupils  to  handle  the 
plants  carefully  when  they  mark  the  roots  and 
not  to  let  the  sawdust  become  dry.  The  plants 
should  be  marked  as  quickly  as  possible  and 
then  put  in  the  moist  sawdust. 

If  possible,  have  the  class  examine  the  roots 
of  different  weeds  as  suggested  on  page  203. 
Then  the  pupils  should  read  to  the  end  of  the 
problem  on  page  204. 

How  do  the  stems  of  plants  get 
thicker?  (Pages  205-207) 

Concepts 

1.  Some  plants  get  thicker  by  adding  layers 
of  wood. 

2.  Some  plants  get  thicker  by  growing  all 
through  the  inside. 

3.  It  takes  a long  time  for  trees  to  grow  big. 

4.  Since  trees  are  important  to  us  in  many 
ways,  we  must  conserve  our  trees  and  use  them 
wisely. 

Observations 

Page  205:  To  observe  the  growth  rings  in  a 
tree  trunk. 

Materials:  Pieces  of  tree  trunk  or  branches 
sawed  to  show  the  cross  section. 

Page  207 : To  see  how  a cornstalk  gets  thicker. 

Material:  Cornstalk. 


Information  for  the  teacher 

Pictures.  Page  205.  It  is  not  always  possible 
to  determine  the  exact  age  of  a tree  by  count- 
ing the  rings.  Sometimes  the  rings  may  be  in- 
distinct. Stress  the  fact  that  you  can  tell  about 
how  old  the  tree  is.  These  rings  are  seen  only 
in  trees  in  the  temperate  zones.  Tropical  trees 
do  not  show  them.  Sometimes  the  rings  may 
be  broader  or  narrower  than  the  average  for 
a given  tree.  The  broader  rings  may  indicate 
years  of  more  than  average  rainfall  and  the 
narrower  ones,  dry  years.  The  tree  on  page  205 
was  about  twenty-four  years  old. 

Page  206.  Left,  a redwood  grove  near  Bull 
Creek  Flat,  California.  The  trees  are  Sequoia 
sempervirens.  Right,  the  famous  redwood, 
Wawona,  a Sequoia  gigantea  in  Mariposa 
Grove,  Yosemite  National  Park,  California. 

Page  207.  The  small  groups  of  cells  scattered 
throughout  the  stem  in  the  corn  plant  are  the 
bundles  of  conducting  cells  that  carry  the  water 
from  the  roots  up  through  the  stem  and  the 
food  down  from  the  leaves  to  all  parts  of  the 
plant.  Other  plants  that  grow  this  way  are 
the  grasses,  palms,  lilies,  and  other  monocoty- 
ledons. 

Text.  For  this  problem,  an  excellent  book 
for  supplementary  reading  for  elementary  pu- 
pils is  Big  Tree  by  M.  M.  and  Conrad  Buff, 
New  York:  Viking,  1946.  The  historical  refer- 
ences may  not  all  be  understood  at  this  grade 
level,  but  it  gives  a dramatic  picture  of  the  ages 
and  sizes  of  the  big  trees  as  well  as  of  the  forest 
life  around  them. 

Procedure 

Have  the  pupils  read  to  the  end  of  the  first 
paragraph  on  page  206.  Let  them  examine  a 
cross  section  of  a tree  trunk  or  branch  to  see 
the  growth  rings,  such  as  those  shown  on  page 
205.  Also  urge  the  children  to  look  for  growth 
rings  in  tree  stumps. 

Then  the  class  should  read  to  the  second 
paragraph  on  page  207  and  discuss  the  pictures 
on  page  206.  The  importance  of  forest  conser- 
vation should  be  stressed.  See  also  Things  to 
Do,  page  214,  No.  11. 
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The  children  should  now  examine  the  cross 
section  of  a cornstalk  to  observe  the  other  way 
in  which  the  stems  of  plants  grow  thicker. 
Have  them  compare  the  cross  section  of  the 
cornstalk  with  that  of  the  tree  trunk,  as  sug- 
gested on  page  207.  They  should  see  that  the 
cornstalk  has  no  growth  rings  but  that  it 
becomes  thicker  by  growing  all  through  the 
inside. 

Questions  (Page  207) 

1.  By  adding  layers  just  under  their  bark. 
By  growing  all  through  the  inside. 

2.  By  counting  the  dark  layers  or  rings  in 
the  trunk. 

3.  It  takes  a long  time  for  them  to  grow  big; 
they  provide  shade,  are  homes  for  birds,  keep 
the  soil  from  being  washed  or  blown  away,  etc. 

In  what  directions  do  the  parts  of 
plants  grow?  (Pages  208-212) 

Concepts 

Roots,  stems,  and  leaves  of  plants  grow  in 
certain  directions. 

a)  Roots  grow  down,  and  stems  grow  up. 

b ) Roots  grow  toward  water. 

c ) Stems  and  leaves  grow  toward  light. 

Experiments 

Pages  208-209:  To  see  in  what  direction  roots 
and  stems  grow. 

Materials:  Glass,  moist  sawdust  or  sand, 
blotting  paper,  corn  seeds. 

Pages  209-210:  To  show  in  what  direction 
stems  grow. 

Materials:  Three  small  geranium  plants  in 
flower  pots,  two  pieces  of  wire  screen,  wire, 
strong  cord. 

Pages  210-211:  To  show  that  roots  grow  to- 
ward water. 

Materials  : Small  unpainted  flower  pot, 
rubber  stopper  to  fit  hole  in  pot,  sealing  wax 
or  paraffin,  two  boxes  of  rich  soil  about  two 
feet  square,  bean  seeds. 

Page  211:  To  show  that  stems  grow  toward 
the  light. 
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Materials:  Small  cardboard  box  about  three 
inches  deep,  shallow  dish,  blotting  paper,  bean, 
radish,  or  grass  seeds. 

Pages  211-212:  To  show  that  leaves  turn  to- 
ward the  light. 

Material:  Small  geranium  or  other  house 
plant  in  a flower  pot. 

Information  for  the  teacher 

Text.  Growing  toward  or  away  from  a stim- 
ulus is  known  as  a tropism.  Growing  toward 
or  away  from  the  earth  (gravity  is  the  stim- 
ulus) is  geotropism',  toward  or  away  from 
water  is  hydrotropism ; toward  or  away  from 
light  is  phototropism.  The  tropisms  are  pos- 
itive or  negative  depending  on  whether  the 
plant  parts  grow  toward  or  away  from  the 
stimulus.  Thus  roots  show  positive  geotropism 
and  negative  phototropism,  while  stems  show 
positive  phototropism  and  negative  geotropism. 
There  are  other  stimuli,  such  as  chemicals  and 
touch,  that  induce  tropisms;  but  the  ones 
taught  in  this  problem  are  the  most  obvious 
ones.  Tropisms  in  plants  are  growth  responses 
whose  causes  are  too  difficult  to  explain  at  this 
level.  Some  of  the  reactions  of  simple  animals 
are  also  known  as  tropisms,  but  their  mecha- 
nism differs  from  that  of  plant  tropisms. 

Pictures.  Page  208.  The  roots  of  the  corn 
plants  show  positive  geotropism.  The  stems 
show  negative  geotropism  and  positive  photo- 
tropism. The  bean  plant  shows  the  same  tro- 
pisms. 

Page  209.  The  stem  of  the  geranium  is  show- 
ing negative  geotropism  and  positive  phototro- 
pism. 

Page  210.  The  roots  of  the  bean  plants  show 
positive  hydrotropism. 

Page  212.  Left.  The  stems  and  leaves  of  the 
bean  plants  show  positive  phototropism.  Right. 
The  fern  leaves  are  spread  out  in  response  to 
the  light  in  such  a way  that  each  leaf  receives 
the  maximum  amount  of  light  available.  This 
phenomenon  is  often  seen  in  thick  vines  on  a 
wall.  The  leaves  are  spread  out  so  that  each 
one  receives  light.  This  arrangement  is  known 
as  a mosaic  of  leaves. 


Procedure 

The  experiments  in  this  problem  require 
observations  to  be  made  over  a period  of  time 
varying  from  a few  days  to  several  weeks. 
Therefore,  the  experiments  should  be  started 
well  in  advance  of  actual  study  of  the  problem. 
Committees  should  be  chosen  to  assemble  the 
materials  and  perform  each  experiment.  The 
text  gives  detailed  directions  for  doing  the 
experiments  and  making  the  observations. 

Have  the  pupils  read  and  discuss  the  first 
paragraph  on  page  208.  Then  ask  the  com- 
mittee that  performed  the  first  experiment  to 
exhibit  the  results  and  report  its  findings  to 
the  class.  The  report  should  include  the  purpose 
of  the  experiment,  the  materials  and  procedure 
used,  and  the  results.  The  corn  seeds  will  look 
like  those  in  the  picture  at  the  left  on  page  208. 
The  pupils  should  now  read  down  to  the  end 
of  the  left-hand  column  on  page  209  to  check 
the  report  of  the  committee.  Then  ask  the  class 
to  make  a conclusion  from  the  experiment  and 
write  this  on  the  board: 

The  roots  of  plants  grow  down,  and  the 
stems  grow  up. 

In  a similar  manner,  proceed  with  the  other 
experiments.  Call  for  the  report  of  the  com- 
mittee. Have  the  class  check  its  findings  by 
reading  the  text  and  then  make  a conclusion. 
For  a culminating  activity,  see  Things  to  Do, 
page  214,  No.  10. 

Questions  (Page  212) 

1.  By  turning  the  plant  on  its  side  or  in 
different  positions. 

2.  Roots  grow  down  toward  water  that  the 
plants  need,  while  stems  grow  toward  light 
that  plants  need. 

3.  Toward. 

4.  Toward. 

Questions  to  answer  (Page  213) 

1.  Eggs,  larva,  pupa,  adult. 

2-3.  Group  activity. 

4.  Reading,  pictures,  experimenting,  obser- 
vation. 


5.  Toads’  eggs,  mosquito  eggs,  and  tad- 
poles may  be  found  in  ponds,  stagnant  pools, 
rain  barrels,  etc.  Monarch  butterfly  eggs  are 
usually  found  on  the  leaves  of  milkweed 
plants.  Grasshopper  eggs  are  found  in  gardens 
and  fields  just  below  ground. 

6.  Li\e : Plants  and  animals  both  grow 
larger  and  change  their  appearance.  The  seed 
part  of  a plant’s  life  looks  entirely  different 
from  the  full-grown  plant.  Plants  add  different 
parts  as  they  grow,  as  some  animals  do.  Dif- 
ferent: Plant  parts  grow  longer  by  growing 
at  the  ends;  animals  grow  all  over. 

7.  After  a seed  is  planted  and  watered,  the 
seed  begins  to  break  apart.  A root  comes  out 
and  makes  its  way  downward  through  the 
soil.  Shortly  after,  a tiny  stem  starts  up  from 
the  seed.  The  original  seed  is  growing  smaller 
during  this  process  as  the  new  plant  is  using 
up  the  food  stored  in  the  seed.  The  outer  seed 
covering  dries  up  and  falls  off.  The  seed  finally 
disappears  entirely,  the  root  grows  longer,  the 
stem  develops  more  leaves.  Finally,  there  is  an 
adult  plant. 

8.  By  knowing  the  structure  of  a seed,  you 
know  where  the  stem,  root,  leaves,  and  food 
for  the  baby  plant  come  from. 

9.  Animals.  Mammals : cat,  dog,  lion,  deer, 
bear,  mouse,  rat,  human.  Birds:  robin,  bluejay, 
chicken,  duck,  Canada  goose.  Reptiles : snake. 
Fish.  Amphibians:  frog,  toad.  Insects:  Mon- 
arch butterfly,  Cecropia  moth,  bee,  ant,  fly, 
grasshopper,  cricket.  Plants.  With  Flowers  and 
Seeds:  corn,  bean,  lettuce,  pumpkin,  white  oak, 
poplar,  sugar  beet,  dandelion,  burdock,  plan- 
tain, chickweed,  goldenrod,  daisy,  geranium, 
radish,  grass. 

Things  to  do  (Page  214) 

1.  See  suggestions  for  finding  and  keeping 
cocoons,  page  75  of  this  Guideboo\. 

In  addition  to  Cecropia,  cocoons  and  larvae 
of  the  Promethea  moth  and  the  Polyphemus 
moth  may  be  collected.  These  are  also  giant 
silkworm  moths.  The  large  larvae  are  found  in 
the  summer,  but  the  cocoons  are  not  found  until 
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late  summer  or  fall.  The  Promethea  moth  spins 
its  cocoon  inside  a leaf.  It  fastens  the  edges  of 
the  leaf  together  with  a silk  thread  and  spins 
the  cocoon  inside  the  leaf.  These  may  be  found 
hanging  from  a slender  twig  when  the  leaves 
are  gone  in  the  fall.  The  cocoon  of  Polyphemus 
is  more  like  that  of  Cecropia  but  more  egg- 
shaped  and  more  compact  than  the  large  spin- 
dle-shaped cocoon  of  Cecropia. 

2.  See  suggestions  for  keeping  and  feeding 
larvae,  page  75  of  this  Guidebook, ;. 

3.  An  ant’s  nest  can  be  examined  outdoors 
or  one  can  be  brought  into  the  classroom. 
Directions  for  making  an  observation  ant’s  nest 
are  given  on  page  241. 

4.  Individual  or  group  activities. 

5.  If  children  keep  some  of  their  pets  at 
school  for  several  days,  consult  page  240  for 
suggestions  for  care. 


6.  Young  grasshoppers  are  found  in  the 
spring.  They  hatch  from  the  eggs  laid  in  the 
ground  the  previous  fall. 

7.  A shallow  box  similar  to  a florist’s  “flat” 
is  very  satisfactory.  Keep  the  sand  moist. 
When  the  cuttings  are  made,  be  sure  to  have 
at  least  two  joints,  one  near  the  top  and  the 
other  near  the  bottom.  Take  most  of  the  leaves 
off  the  cuttings. 

8.  A narcissus  leaf  grows  longer  but  does 
not  grow  wider. 

9.  A geranium  leaf  grows  in  all  parts  of 
the  leaf,  so  that  it  has  the  same  shape  but  is 
larger. 

10.  Group  or  individual  activity. 

11.  See  magazine  articles.  Example:  “Giant 
Trees  of  the  World,”  Nature  Magazine,  No- 
vember 1940. 

12.  Other  vines  besides  ivy  may  be  used. 
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SUGGESTIONS  FOR  TEACHING  THE  UNITS 

IN 


Discovering  Our  World 


BOOK  2 


SUGGESTIONS  FOR  TEACHING  THE  UNITS 


This  part  of  the  Guideboo\  gives  specific 
information  and  suggestions  for  teaching  the 
individual  units  in  Discovering  Our  World, 
Boo\  2.  In  reading  the  section  on  Philosophy 
and  Technique,  the  teacher  has  become  ac- 
quainted with  the  general  suggestions  for 
handling  the  various  types  of  teaching  situations 


(starting  new  units  or  problems,  doing  experi- 
ments, etc.)  that  will  arise  in  teaching  the  units, 
and  she  can  refer  to  the  appropriate  sections  as 
these  situations  arise.  Applying  these  general 
suggestions,  together  with  the  specific  sugges- 
tions for  the  section  being  studied,  will  help  the 
teacher  approach  the  situation  with  confidence. 


Using  the  Introduction  (Pages  6-9) 


If  pupils  have  had  science  work  before,  they 
may  be  asked  to  read  these  first  pages  and 
discuss  such  questions  as : “What  do  you  think 
‘discovering  our  world’  means?”  “How  can  you 
find  answers  to  the  problems  in  science?” 
“What  are  some  cautions  we  will  need  to  use 
in  reading  this  book  and  in  using  other 
books?”  “What  are  some  rules  that  we  should 
follow  in  performing  experiments?” 

The  method  of  using  these  pages  will  de- 
pend on  the  previous  science  experience  of  the 
pupils.  If  there  has  been  no  earlier  contact  with 
science,  frequently  the  best  attack  is  one  that 
assumes  that  the  pupils  know  nothing  of  the 
subject  itself  and  then  proceeds  to  find  out 
what  experiences  the  pupils  have  had  that  will 
be  helpful  as  an  introduction. 

These  pages  should  help  orient  the  pupil  to 
the  subject  of  science  if  he  has  had  no  previous 
acquaintance  with  it,  or  they  should  expand 
the  horizon  of  science  experiences  that  he  may 
have  had  in  earlier  grades.  The  discussion  in 
these  pages  introduces  the  concept  of  what 
science  is,  who  scientists  are,  and  what  their 
methods  are.  If  there  has  been  no  earlier  science 
experience,  the  first  class  sessions  might  well  be 


spent  letting  pupils  express  themselves  on  such 
questions  as  these : “What  do  you  think  science 
is  about?”  “What  do  you  think  a scientist 
does?”  “Do  you  know  any  important  things 
that  scientists  have  discovered  or  invented?” 
“How  can  anyone  in  our  class  ever  become  a 
scientist?” 

Encourage  the  pupils  to  try  to  solve  the 
problems  listed  on  page  7.  This  will  create 
interest,  point  out  the  limitations  of  the  pupils’ 
knowledge,  raise  new  questions,  and  lead  into 
the  text  of  the  book.  Following  this,  the  study 
of  the  book  may  be  approached  in  some  manner 
as:  “Our  book  will  help  us  discover  some  of 
the  things  that  scientists  have  found  out  about 
these  problems.  It  will  also  show  us  how  scien- 
tists have  found  the  answers  to  these  problems 
and  many  others.  If  we  look  at  the  Contents, 
pages  3-5,  we  can  see  just  what  our  book  tells. 
We  may  also  look  through  the  book  and  see  the 
chapter  headings  and  the  pictures.” 

Note,  on  page  9,  the  reference  to  the  list  of 
Science  Words.  The  pupils  should  become  ac- 
quainted with  this  feature  of  the  book,  but 
instruction  in  how  to  use  the  list  may  be 
deferred  until  the  occasion  for  its  use  arises. 
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unit  Xo  How  Do  Living  Things  Help  and  Harm  Each  Other? 


Purpose  and  scope 

Through  a study  of  this  unit,  girls  and  boys 
will  become  more  keenly  aware  of  the  inter- 
relationships of  the  living  things  around  them. 
There  are  many  opportunities  for  them  to 
make  first-hand  observations  that  will  increase 
their  appreciations  of  the  living  things  that 
surround  them.  It  is  through  an  understand- 
ing of  the  habits  of  these  living  things  and 
through  learning  about  them  that  children  can 
come  to  believe  in  the  importance  of  conserva- 
tion of  living  things,  which  is  one  of  the  most 
essential  purposes  for  studying  the  unit.  Other 
aspects  of  conservation  are  emphasized  in  later 
units  of  the  textbook.  The  concepts  indicated 
at  the  beginning  of  each  problem  will  act  as 
a guide  to  the  teacher  in  helping  her  empha- 
size the  important  aspects  of  the  total  problem 
of  the  unit.  These  concepts  take  on  real  mean- 
ing for  pupils  as  they  observe  the  many  exam- 
ples in  their  surroundings,  if  the  teacher  makes 
sure  that  the  children  see  how  their  experiences 
are  related  to  the  concepts.  Field  trips  and  all 
other  kinds  of  first-hand  contacts  with  the  liv- 
ing things  around  them  are  then  very  impor- 
tant to  the  realization  of  the  purposes  for  teach- 
ing this  unit. 

Science  background 

Loo\  and  Learn:  Unit  1,  Animals;  Unit  4, 
Outdoors 

All  Around  Us:  Unit  1,  Animals;  Unit  4, 
Plants 

How  Do  We  Know?:  Unit  1,  Animals;  Unit 
3,  Plants 

Discovering  Our  World,  Boo\  One:  Unit  1, 
How  Are  the  Things  of  the  World  Put  in 
Groups?  Unit  2,  Why  Do  All  Living  Things 
Need  Air  and  Water?  Unit  8,  How  Do  Ani- 
mals and  Plants  Grow? 


General  concepts 

1.  Animals  help  other  animals. 

2.  Plants  help  animals  by  providing  food 
and  shelter. 

3.  Animals  help  plants. 

4.  Plants  help  other  plants. 

5.  Plants  and  animals  harm  other  living 
things. 

6.  Plants  and  animals  are  valuable  to  us. 

7.  We  should  help  conserve  the  living  things 
that  are  valuable  to  us. 

Introducing  the  unit  (Pages  11-13) 

Information  for  the  teacher 

Pictures.  Page  10.  These  animals  are  snow 
leopards  that  are  found  high  in  the  Himalaya 
Mountains  between  Tibet  and  India.  They 
have  caught  a pheasant  for  food. 

Page  11.  The  illustration  at  the  top  of  page 
11  shows  various  ways  in  which  plants  and 
animals  are  interrelated  in  nature.  Animals  use 
plants  for  food  (squirrel  and  porcupine) ; ani- 
mals use  other  animals  for  food  (robin  and 
hawk) ; plants  use  other  plants  (bracket  fungi 
on  stump). 

Porcupines  usually  climb  into  the  higher 
branches  of  the  tree  to  find  the  buds,  small 
twigs,  and  younger  and  more  tender  bark, 
although  they  also  gnaw  the  bark  closer  to  the 
ground. 

Page  12.  If  the  bark  is  eaten  or  otherwise 
completely  destroyed  around  the  trunk  of  a 
tree,  the  tree  will  die.  The  tree  is  said  to  have 
been  girdled.  Since  the  food  travels  down  to 
the  roots  through  the  inner  bark,  the  roots  die 
if  this  passage  is  interrupted  by  girdling.  When 
the  roots  die,  of  course,  the  whole  tree  dies. 

Text.  Page  11.  The  first  stage  of  a clam  is 
really  a larva  and  does  not  look  at  all  like  the 
adult.  It  has  a shell  armed  with  tiny  hooks, 
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which  open  and  close  continually.  The  fish 
takes  in  water  through  its  mouth  and  expels 
it  through  its  gills.  When  the  clam  larvae  enter 
with  the  water  and  touch  the  gills,  they  attach 
themselves  to  the  gill  fringes.  The  larvae  re- 
main on  the  fish  gills  for  several  weeks.  Finally, 
they  drop  of?  into  the  water  and  develop  in- 
dependently. 

Procedure 

The  pictures  on  pages  10  and  11  might  well 
be  used  to  introduce  the  unit  by  asking  the 
children  these  introductory  questions:  “What 
two  kinds  of  living  things  are  shown  in  these 
pictures?”  (Plants  and  animals.)  “How  many 
examples  of  plants  and  animals  helping  and 
harming  each  other  can  you  find  in  these  pic- 
tures?” After  some  of  these  have  been  listed, 
ask  a child  to  read  the  question  that  intro- 
duces the  text  on  page  11.  Let  pupils  give 
their  ideas  of  how  this  could  be  possible.  Next, 
suggest  that  the  class  read  the  paragraph.  Then 
pupils  may  be  asked  to  tell  why  they  believe 
the  clams  were  disappearing.  The  next  two 
paragraphs  should  then  be  read  by  the  class. 

The  teacher  may  use  the  same  approach  with 
the  section  about  the  mountain  lion,  wolves, 
deer,  and  a forest.  Before  reading  the  remain- 
der of  this  first  section,  ask  the  children  to 
indicate  ways  that  they  may  use  in  discovering 
how  living  things  help  and  harm  each  other. 
Reading,  observing,  and  studying  are  sug- 
gested in  the  text. 

At  this  point  in  the  lesson,  the  teacher  should 
plan  with  the  children  ways  to  learn  the 
material  in  the  unit.  They  will  suggest  sources 
for  additional  reading,  places  to  go  to  observe, 
ways  to  obtain  specimens  for  observation,  etc. 
The  teacher  is  urged  to  make  as  much  use  as 
possible  of  materials  available  in  the  com- 
munity, such  as:  greenhouse,  school  garden, 
vacant  lots,  parks,  apiary,  zoos,  and  similar 
sources.  It  might  be  very  interesting  to  ask 
each  pupil  to  suggest  one  source  where  he 
thinks  the  class  could  find  valuable  informa- 
tion. This  might  be  done  after  the  class  has 


looked  ahead  through  the  unit,  looked  at  the 
pictures,  and  read  the  problem  titles.  This,  by 
the  way,  is  often  a good  way  to  create  interest 
and  at  the  same  time  let  the  children  know 
more  about  where  the  unit  will  lead.  If  a field 
trip  is  arranged,  this  preview  of  the  unit  will 
be  helpful  in  knowing  what  to  observe. 

The  observations  for  this  unit  can  best  be 
made  on  a field  trip.  If  it  is  possible  to  take  a 
field  trip  with  the  class,  it  is  advisable  to  do  so, 
provided  the  pupils  know  what  they  are  look- 
ing for.  Look  through  the  unit  at  the  various 
problems.  The  aim  of  the  trip  should  be  to 
collect  data  to  solve  these  problems.  Each  pupil 
should  be  expected  to  observe  carefully  enough 
to  report  findings  to  the  class.  It  is  important 
that  you  do  not  plan  to  observe  too  many 
things  on  one  field  trip.  (Also  see  page  11  of 
the  Guidebook) 

Children  should  be  encouraged  to  take  field 
trips  by  themselves  after  school  or  on  Saturdays 
and  report  their  findings  to  the  class.  Urge 
them  to  observe  carefully  so  that  their  informa- 
tion will  be  accurate.  Careful  observation  is  one 
of  the  scientific  attitudes  that  the  pupils  should 
acquire.  They  should  be  led  to  see  that  evidence 
based  on  one  observation  should  be  regarded 
as  tentative,  and  other  observations  should  be 
made  to  verify  it. 

How  do  animals  help  each  other? 
(Pages  13-18) 

Concepts 

1.  Some  kinds  of  animals,  called  social  ani- 
mals, live  and  work  together  in  a colony. 

2.  Some  animals,  such  as  ants  and  aphids, 
are  mutually  helpful. 

3.  Some  animals  grow  up  in  families. 

4.  Some  animals  join  together  in  groups  for 
hunting  and  for  protection. 

5.  Some  animals  are  food  for  other  animals. 

Information  for  the  teacher 

Pictures.  Page  17.  Aphids  or  plant  lice  are 
also  black. 
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Page  18.  Prairie  dogs  are  not  dogs  but 
rodents.  They  are  a kind  of  ground  squirrel. 
They  get  their  name  from  the  barking  sound 
that  they  make.  In  Canada  there  are  only  a few 
prairie  dog  colonies.  These  are  in  the  southern 
prairies. 

Text.  The  children  will  be  much  more  in- 
terested in  studying  about  bees  and  ants  if  they 
have  an  opportunity  to  observe  them.  Pupils 
may  be  able  to  bring  honeycombs  and  other 
material  from  a beehive.  It  is  always  interest- 
ing to  keep  an  observation  beehive  in  the  class- 
room for  a few  weeks.  Information  about  such 
a hive  may  be  obtained  by  writing  the  General 
Biological  Supply  House,  761-763  E.  69th  Place, 
Chicago  37,  Illinois.  The  Bibliography  on  page 
252  of  this  Guideboo\  suggests  books  about  bees 
and  ants  which  pupils  can  read.  The  National 
Geographic  Magazine  for  April  1935  gives 
pictures  and  information  about  bees.  See  page 
241  for  directions  for  making  a simple  ant 
colony. 

Procedure 

The  discussion  about  bees  may  centre  around 
these  questions:  “What  work  does  each  of  the 
kinds  of  bees  do  in  a hive?”  “Why  can  a 
honey-bee  not  live  alone?”  “In  what  very  im- 
portant way  is  a bee  colony  different  from  a 
community  of  people?”  Have  the  children 
read  pages  13,  14,  and  down  to  the  last  para- 
graph on  page  15. 

The  section  on  ants  and  aphids  may  centre 
around:  “What  things  are  probably  happening 
in  the  two  pictures  on  pages  16  and  17?”  To 
answer  this  question,  pupils  must  read  from 
the  last  paragraph  on  page  15  to  the  end  of  the 
first  complete  paragraph  on  page  17.  As  a sum- 
mary, pupils  may  then  compare  life  in  an  ant 
colony  with  life  in  a bee  colony. 

Have  pupils  read  the  remaining  paragraphs 
in  this  problem  and  then  discuss:  “What  are 
some  of  the  important  advantages  animals  have 
when  they  live  together?” 

For  additional  activities,  see  Things  to  Do, 
Nos.  3,  8,  9,  and  16. 


Questions  (Page  18) 

1.  Because  they  live  and  work  together  in  a 
colony.  Examples:  bees,  ants,  beavers,  prairie 
dogs. 

2.  Ducks,  geese,  and  other  birds  fly  together 
for  protection;  ants  live  together  and  help  each 
other  by  each  doing  a certain  part  of  the  work 
of  the  colony;  robins  and  other  birds  stay  with 
their  young  until  they  are  independent;  wolves 
hunt  in  packs  and  attack  together;  beavers 
work  together;  prairie  dogs  live  in  villages  and 
help  each  other  by  watching  for  enemies. 

3.  Men  and  women  plan  the  work  in  a com- 
munity while  animals  cannot  think  and  do 
not  know  that  they  are  helping  each  other. 

How  do  plants  help  animals? 

(Pages  19-20) 

Concept 

Plants  help  animals  by  providing  food  and 
shelter. 

Information  for  the  teacher 

Picture.  Page  20.  This  is  a flicker,  or  yellow- 
hammer,  a kind  of  woodpecker.  It  makes  cavi- 
ties in  dead  trees  or  branches  for  its  nest. 

Procedure 

Before  beginning  this  problem,  ask  the  pupils 
to  list  as  many  ways  as  they  can  in  which  plants 
help  animals.  Their  suggestions  may  come 
from  observations  made  on  field  trips,  from 
their  own  experiences,  or  from  looking  at  the 
two  pictures  in  this  problem.  After  they  have 
listed  their  suggestions,  have  them  read  pages 
19-20  to  find  additional  ideas. 

Questions  (Page  20) 

1.  Used  by  animals  for  food,  for  nests,  and 
other  kinds  of  shelter  and  protection. 

2.  Answers  might  include:  squirrels  eating 
nuts;  woodpecker  making  hole  in  tree  for 
nest;  rabbit  hiding  in  the  grass;  cows  eating 
grass;  beavers  building  houses  from  branches 
and  small  logs. 
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3.  Animals  such  as  cows  and  sheep  depend 
mainly  on  grass  for  food.  We  depend  upon 
these  animals  for  part  of  our  food  and  clothing. 

How  do  animals  help  plants? 

(Pages  21-23) 

Concepts 

1.  Bees  and  other  insects  carry  pollen  from 
one  flower  to  another. 

2.  Birds  eat  destructive  insects. 

3.  Earthworms  cultivate  the  soil. 

4.  Animals  scatter  seeds. 

Information  for  the  teacher 

Pictures.  Page  22.  The  earthworm  is  also 
known  as  the  angleworm  and  as  the  night- 
crawler.  It  comes  up  out  of  its  hole  at  night 
when  the  ground  is  moist  or  damp. 

Text.  When  pollen  is  carried  from  the  sta- 
men of  one  flower  to  the  pistil  of  another 
flower,  we  say  that  the  flower  has  been  cross- 
pollinated.  When  this  transfer  is  within  one 
flower,  the  flower  is  said  to  be  self-pollinated. 
Usually  cross-pollination  produces  better  seeds 
than  self-pollination. 

When  a bee  crawls  around  in  a flower,  pollen 
sticks  to  its  hairy  legs  and  to  the  hairs  on  its 
body,  as  shown  in  the  picture  on  page  21. 
Usually  the  pollen  is  brushed  into  pollen  “bas- 
kets” before  it  is  carried  to  the  hive.  These 
baskets  are  special  structures  on  the  hind  legs. 
Hummingbirds  also  carry  pollen. 

Procedure 

The  pictures  on  page  21  show  one  of  the 
most  important  partnerships  that  animals 
and  plants  have.  Ask  the  pupils  if  they  can 
think  what  a bee  gets  from  this  partnership 
and  what  the  flower  receives  and  what  they 
themselves  get.  After  they  have  discussed  the 
problem  briefly,  have  them  read  the  text  to  the 
end  of  the  paragraph  at  the  top  of  page  22  to 
check  their  ideas. 

Suggest  that  the  pupils  look  at  the  picture 
on  page  37  (red-headed  woodpecker)  and  tell 


another  way  in  which  animals  help  plants.  The 
next  paragraph  on  page  22  describes  this  way. 

The  earthworm  (pictured  on  page  22)  is 
the  next  example  of  how  animals  help  plants. 
If  possible,  earthworms  should  be  brought  to 
class  and  observed.  The  discussion  may  centrv 
around  this  question:  “How  do  earthworms 
help  you  besides  being  useful  as  fish  bait?” 
The  remainder  of  the  problem  answers  the 
question : “How  have  you  helped  seeds  of 
plants  get  from  one  place  to  another?”  Chil- 
dren may  tell  their  own  experiences. 

Questions  (Page  23) 

1.  Bees  get  nectar  and  pollen  from  the 
flowers,  and  the  flowers  get  pollen  for  seeds 
from  the  bees. 

2.  Insects.  Birds. 

3.  Loosen  the  soil  so  that  air  and  water  can 
reach  the  roots  of  plants. 

4.  The  seeds  are  carried  from  one  place  to 
another  by  wind,  insects,  other  animals,  and 
people. 

5.  Bees  and  other  insects  carry  pollen;  birds 
eat  insects;  earthworms  and  moles  loosen  soil; 
furry  animals  scatter  seeds  by  carrying  them  in 
their  fur. 

How  do  plants  help  each  other? 

(Pages  24-26) 

Concepts 

1.  Some  plants  furnish  food  or  water  for 
other  plants. 

2.  Some  plants  furnish  shade  and  protection 
for  other  plants. 

3.  Some  plants  climb  on  others  to  reach 
sunlight. 

4.  Decayed  plants  enrich  the  soil  and  thus 
help  other  plants. 

Information  for  the  teacher 

Pictures.  Page  24.  Left.  This  fungus  is  the 
elm  pleurotus,  Pleurotus  ulmarius.  (In  the 
Guideboo\,  some  scientific  names  are  used. 
They  are  included  only  to  help  the  teacher 
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look  up  further  information  if  desired,  since 
common  names  frequently  vary.) 

Right.  Mistletoe  is  a vine  that  grows  on  var- 
ious deciduous  trees  (trees  that  lose  their 
leaves).  Mistletoe  grows  commonly  in  warm 
climates,  but  is  not  very  common  in  any  part 
of  Canada.  It  bears  flowers  and  seeds.  Birds 
eat  the  sticky  berries  and  spread  the  seeds  when 
they  wipe  off  their  bills  on  the  branches  of 
trees. 

Page  25.  Left.  Jack-in-the-pulpit,  also  called 
Indian  Turnip,  is  found  throughout  southern 
Canada  in  rich  woods.  It  blossoms  in  May. 
Later,  the  stalk  with  a cluster  of  red  berries 
may  be  found. 

Text.  Descriptions  and  pictures  of  puffballs 
will  be  found  in  any  of  the  popular  books  on 
mushrooms.  The  term  mushroom  is  a general 
one  that  is  commonly  used  to  include  all  the 
fleshy  fungi.  Sometimes,  however,  it  refers  only 
to  the  umbrella  or  cap  types.  See  the  Bibli- 
ography on  page  252  of  this  Guidebook  for 
references  on  mushrooms. 

Procedure 

Since  this  unit  deals  with  the  living  things 
in  the  children’s  environment,  it  is  especially 
important  that  they  do  as  much  first-hand 
observing  as  possible.  As  has  been  previously 
suggested,  field  trips  may  be  used  to  great  ad- 
vantage in  teaching  any  of  these  problems. 
For  example,  in  a ten-minute  walk  near  the 
average  school,  pupils  can  observe  many  ex- 
amples of  how  plants  help  each  other.  After 
this  brief  opportunity  for  observing,  the  pupils 
may  return  to  the  classroom,  list  the  examples 
they  have  seen,  and  then  read  this  problem  to 
discover  additional  examples  and  add  them  to 
the  list.  A brief  discussion  of  how  each  of  the 
pictures  on  pages  24  and  25  shows  the  rela- 
tionship of  plants  to  each  other  should  follow 
the  reading  of  the  problem. 

Questions  (Page  26) 

1.  A fungus  is  a plant  (without  seeds)  that 
does  not  make  its  own  food  but  grows  on  other 


plants  or  animals,  or  on  soil  that  has  decayed 
plants  in  it.  Examples:  mushrooms,  puffballs. 

2.  Grass  is  a green  plant  that  makes  its  own 
food  from  materials  in  the  soil  and  air.  A fun- 
gus must  take  food  made  by  other  plants. 

3.  Mistletoe  cannot  take  its  water  directly 
from  the  soil.  It  must  grow  on  other  plants  to 
use  the  water  taken  in  by  them. 

4.  Furnish  support  on  which  other  plants 
climb  toward  the  light. 

5.  There  is  more  shade  in  the  forest.  Plants 
that  require  shade  grow  in  the  forest,  and 
plants  that  require  sun  grow  in  open  fields. 

6.  By  decaying  when  they  die  and  enrich- 
ing the  soil. 

7.  Furnish  food  or  water  for  others;  furnish 
shade  and  protection  for  others;  provide  sup- 
port for  others  to  reach  the  sunlight;  enrich  the 
soil  when  they  die  and  decay. 

How  do  plants  harm  other  living 
things?  (Pages  26-29) 

Concepts 

1.  Some  plants  are  poisonous  to  animals. 

2.  Plants  such  as  fungi  destroy  other  plants. 

3.  Some  plants  capture  animals  for  food. 

4.  Some  kinds  of  plants  (bacteria)  cause 
disease  in  other  plants  and  in  animals. 

5.  Stronger  plants  take  water,  food  ma- 
terials, and  sunlight  from  weaker  ones. 

Observation 

Page  28:  To  observe  some  mold. 

Materials:  Piece  of  bread,  dish  to  cover  it, 
warm  place  to  keep  bread  for  several  days. 

Information  for  the  teacher 

Pictures.  Page  27.  Venus’s-flytrap  is  found 
in  sandy  bogs  or  peat  bogs  in  warm  countries. 
The  pitcher  plant  is  another  insect-eating  plant. 
It  grows  in  peat  bogs  and  around  lakes  in  many 
parts  of  southern  Canada. 

Page  28.  Left,  corn  smut;  centre,  apple  rust, 
which  has  its  alternate  stage  on  the  common 
red  cedar;  right , plum  dried  by  brown  rot. 
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Text.  On  the  field  trip  in  the  fall,  the  leaves 
of  the  poison  ivy  may  have  turned  red.  In  some 
parts  of  the  country,  the  vine  form  is  common 
and  often  covers  stone  walls,  fences,  and  tree 
trunks. 

Write  to  your  provincial  department  of 
agriculture  for  bulletins  on  the  noxious  weeds 
of  your  province  and  any  special  bulletins  on 
poison  ivy.  In  your  letter  state  that  these  bul- 
letins are  for  your  school  or  classroom  library. 

Life  for  June  14,  1943,  has  some  exception- 
ally fine  photographs  of  insectivorous  plants. 
These  plants  are  also  called  carnivorous  plants 
since  they  are  “meat  eaters.” 

Both  the  ordinary  bread  mold  (Rhizopus) 
and  the  blue-green  mold  (Penicillium),  usu- 
ally found  on  fruit  and  other  foods,  may  appear 
on  the  bread. 

Procedure 

Before  the  pupils  study  this  problem,  have 
them  discuss  these  problems:  “How  have  plants 
ever  harmed  us?”  “How  do  plants  harm  other 
plants?”  “How  do  they  harm  animals?”  After 
the  discussion,  pupils  should  read  the  text 
to  answer  the  questions.  Then  they  should  dis- 
cuss the  questions  again.  It  is  especially  im- 
portant that  the  paragraphs  on  poison  ivy  be 
given  careful  attention.  If  it  is  not  possible  to 
show  poison  ivy  in  the  field,  the  following 
method  may  be  used  to  exhibit  it  safely  in  the 
classroom:  Hold  a wide-mouthed  gallon  jar  (or 
similar  glass  jar  with  a screw  top)  over  a 
branch  of  ivy.  Clip  the  stem  at  the  mouth  of 
the  jar  and  screw  the  cap  on.  Do  not  let  leaves 
from  the  plant  brush  the  outside  of  the  jar. 
A branch  will  last  a week  or  ten  days  when 
exhibited  in  this  way.  Be  careful  not  to  touch 
the  branch  while  disposing  of  it  since  it  may 
still  be  poisonous. 

After  the  discussion  and  after  the  questions 
on  page  29  have  been  answered,  the  children 
may  tell  what  each  picture  in  this  problem 
illustrates  about  how  plants  harm  other  living 
things. 
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Questions  (Page  29) 

1.  By  taking  away  its  food,  sunlight,  and 
water. 

2.  Weeds  take  the  sunlight,  food  materials, 
and  water  that  our  garden  plants  need. 

3.  Some  will  take  food,  water,  and  sunlight 
from  the  others. 

4.  Fungi  harm  other  plants  by  taking  their 
food.  Fungi  cause  diseases  in  other  plants. 
Plants  take  food,  water,  and  light  from  other 
plants. 

5.  So  that  others  may  get  the  sunlight,  food, 
and  water  that  they  need  to  become  strong 
and  usable. 

6.  Are  not  green  plants.  Do  not  make  their 
own  food  but  live  off  other  growing  or  dead 
plants;  are  often  harmful  to  growing  plants; 
may  cause  diseases  in  plants  and  animals. 

7.  Answers  may  include:  thorns  scratch  and 
tear  animals  (deer  in  brambles);  some  are 
poisonous  to  animals  (cow  eating  snakeroot); 
bacteria  cause  diseases  in  animals  (tuberculosis 
in  cows). 

How  do  animals  harm  other  living 
things?  (Pages  30-32) 

Concepts 

1.  Animals  use  either  plants  or  other  ani- 
mals for  food. 

2.  Insects  are  great  enemies  of  plants  and 
animals. 

Information  for  the  teacher 

Pictures.  Page  30.  Top.  Besides  birds,  a 
weasel  eats  many  of  the  smaller  mammals, 
some  of  which  are  many  times  the  size  of  the 
weasel.  It  is  a bloodthirsty  little  animal  and 
often  seems  to  kill  for  the  sake  of  killing  as 
well  as  to  obtain  food.  Centre.  This  is  a corn- 
field that  has  been  visited  by  a swarm  of  grass- 
hoppers. In  years  when  there  are  many 
grasshoppers,  they  frequently  descend  on  corn 
or  wheat  fields  and  leave  them  completely 
leafless.  Bottom.  This  is  an  example  of  an  in- 
sect that  is  parasitic  on  another  insect.  The 


caterpillar  is  covered  with  the  cocoons  of  an- 
other insect.  A fly  laid  her  eggs  on  the  cater- 
pillar. The  larvae  hatched  from  the  eggs,  fed 
on  the  caterpillar,  and  then  attached  their  co- 
coons to  it.  The  caterpillar  will,  of  course,  soon 
die. 

Page  31.  Top,  the  larva  of  the  codling  moth. 
The  moth  lays  its  eggs  on  the  leaves  of  the 
apple  trees.  When  the  larvae  hatch,  they  crawl 
into  the  young  fruit  and  feed  until  they  are 
fully  grown.  Then  they  leave  the  apple  and 
spin  a cocoon.  Centre,  the  Mexican  bean  beetle. 
This  is  one  of  the  few  members  of  the  ladybird 
beetle  group  that  is  injurious.  Most  of  them  are 
beneficial  since  they  feed  on  other  harmful  in- 
sects, but  both  the  larvae  and  adults  of  the 
Mexican  bean  beetle  cause  great  damage  to 
bean  crops  by  feeding  on  the  leaves  of  the  bean 
plants.  Bottom , the  larva  of  the  European 
corn  borer.  This  is  one  of  the  most  destructive 
insects.  It  bores  into  almost  any  part  of  the 
corn  plant,  destroying  it  by  causing  the  stem 
to  break  or  by  making  the  ear  useless,  as  in 
this  picture. 

Page  32.  Left,  the  tunnels  made  by  the  bark 
beetle.  The  female  beetle  makes  a tunnel  in 
which  she  lays  her  eggs.  When  the  larvae 
hatch,  they  make  additional  tunnels.  This  does 
great  damage  to  the  wood  and  bark  and  causes 
losses  running  into  millions  of  dollars  each 
year.  One  species  attacks  pines  exclusively,  but 
others  attack  almost  every  kind  of  tree.  Centre 
and  right,  cotton  boll  weevil.  The  centre  pic- 
ture shows  the  beetles  on  the  outside  of  the 
cotton  boll.  The  right-hand  picture  shows  the 
larvae  inside  a boll  that  they  have  destroyed. 

Procedure 

In  preparation  for  this  problem,  the  teacher 
may  suggest  that  the  pupils  do  one  or  more 
of  the  following:  bring  to  class  a picture  that 
shows  how  animals  harm  other  living  things; 
report  an  observation  they  have  made  of  an 
animal  harming  another  living  thing;  or  bring 
to  school  an  example  of  a living  thing  that  has 
been  harmed  by  another  living  thing. 


Before  children  study  this  problem,  give 
them  opportunity  to  show  the  pictures  or 
samples  they  have  brought  to  class  or  to  tell 
about  the  observations  they  have  made.  Then 
ask  the  pupils  to  tell  what  they  think  the  pic- 
tures on  pages  30,  31,  and  32  show.  Ask  them 
how  they  think  the  things  shown  in  the  pic- 
tures affect  their  lives. 

After  this  discussion,  the  pupils  are  ready  to 
read  these  pages  carefully  to  add  to  the  knowl- 
edge that  they  have  gained  and  to  check  their 
observations.  See  also  Things  to  Do,  page  43, 
Nos.  11  and  13. 

Questions  (Page  32) 

1.  To  get  food. 

2.  Answers  may  include:  cats  catching  mice 
or  birds;  fish  eating  flies  or  worms;  frogs  eat- 
ing insects;  flies  biting  horses;  spiders  eating 
insects. 

3.  Answers  may  include:  rabbits  eating 
leaves  and  vegetables;  cows  and  sheep  eating 
grass;  worms  eating  apples;  birds  eating  cher- 
ries; beavers  gnawing  trees;  beetles  or  cater- 
pillars eating  leaves;  woodpeckers  pecking 
trees. 

4.  People  can  find  out  the  best  time  to  try 
to  kill  them.  People  can  kill  them  before  they 
can  have  young  like  themselves. 

5.  Eating  the  leaves;  eating  the  fruit;  suck- 
ing the  sap. 

How  do  plants  help  us? 

(Pages  33-35) 

Concepts 

1.  All  of  our  food  comes  directly  or  indi- 
rectly from  plants. 

2.  We  use  plants  for  clothing,  wood,  rubber, 
medicines,  etc. 

3.  Plants  hold  the  soil  in  place  and  thus 
help  prevent  floods  and  dust  storms. 

Information  for  the  teacher 

Pictures.  Page  33.  Left.  The  method  of  tap- 
ping trees  for  turpentine  shown  in  the  picture 
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is  one  that  has  been  commonly  used  and  is  still 
widely  seen.  However,  this  kind  of  cutting  is 
injurious  to  the  tree  and  causes  many  to  die. 
Newer  methods  are  coming  into  use,  in  which 
just  a narrow  cut  is  made  and  the  resin  con- 
ducted through  a narrow  metal  trough  to  a cup 
that  hangs  on  a nail  below  the  open  surface. 
The  yield  has  been  found  to  be  as  good  as  with 
the  old  way,  and  the  number  of  trees  killed  by 
the  operation  has  been  greatly  reduced.  Pine 
trees  tapped  for  turpentine  in  one  or  the  other 
of  these  ways  are  a familiar  sight  in  the  south- 
eastern United  States. 

Right.  This  picture  shows  the  harvesting  of 
a field  of  hemp  to  be  used  for  making  rope. 
This  machine  is  a hemp  gatherer-binder.  Be- 
fore final  harvesting,  the  hemp  is  allowed  to 
remain  in  the  field  for  two  to  six  weeks  for 
retting,  or  the  beginning  of  rotting.  This  is 
the  first  step  in  the  process  of  obtaining  the 
fibres  from  the  hemp  stalks.  The  fibres  are 
later  used  for  rope. 

Pages  34-35.  These  two  pictures  show  one 
way  in  which  bare,  eroded  hillsides  can  be 
reclaimed. 

Text.  Other  medicines  that  come  from  plants 
are:  camphor  (from  camphor  tree),  morphine 
(from  opium  poppy),  quinine  (from  bark  of 
cinchona  tree),  licorice  (from  licorice  root), 
senna  (leaves  of  several  species  of  Cassia  and 
other  leguminous  plants),  belladonna  (from 
roots  and  leaves  of  deadly  nightshade),  digi- 
talis (from  foxglove). 

The  important  drug  penicillin  comes  from 
the  same  kind  of  blue-green  mold,  Penicillium, 
found  growing  on  bread  or  fruit.  The  species 
usually  used  to  obtain  the  drug  is  Penicillium 
notatum.  Streptomycin  is  made  from  another 
microscopic  plant  found  in  the  soil. 

See  the  Bibliography  on  page  252  for  sug- 
gested books  and  pamphlets  that  will  furnish 
additional  pictures  and  information  on  the  use 
of  plants  in  holding  the  soil. 

Many  common  objects  are  now  made  from 
plastics  derived  from  plants.  Soybeans,  corn- 
cobs, wood  pulp,  cotton  linters,  and  other  plant 
sources  of  cellulose  are  used. 


Procedure 

Pupils  will  already  have  considerable  back- 
ground of  information  about  this  problem  on 
how  plants  help  us.  The  class  may  be  divided 
into  three  groups  and  given  ten  minutes  to 
make  a list  of  as  many  ways  as  they  can  in 
which  plants  help.  One  group  may  list  the 
things  that  they  can  see  in  the  schoolroom; 
another,  the  things  that  they  can  see  from  the 
window;  and  another,  things  found  at  home. 

Many  schoolyards  have  examples  of  erosion 
that  show  up  after  a sudden  shower.  Ask  the 
children  whether  they  know  of  such  a place  and 
have  them  go  to  observe  it  after  the  next  rain. 
For  another  activity  to  show  how  plants  help 
hold  the  soil:  Put  about  equal  amounts  of  dry 
soil  and  dry  sod  on  pieces  of  board.  Put  the 
boards  outside  on  a windy  day  or  turn  a fan 
on  them.  Which  board  is  blown  clean  first? 
What  does  this  show?  Have  the  pupils  read 
the  text,  look  at  the  pictures,  and  discuss  what 
they  have  learned.  See  also  Things  to  Do, 
page  43,  No.  5. 

Questions  (Page  35) 

1.  Pupils  may  answer  : wheat  (flour,  bread) ; 
potatoes,  corn,  beans,  carrots,  lettuce,  etc.,  de- 
pending on  location  and  season. 

2.  Cotton,  flax  (linen),  hemp  -(carpets), 
grain  (straw  hats).' 

3.  Leaves  and  -branches  provide  a spongy 
covering  that  catches  the  water  and  prevents 
it  from  washing  the  soil  away.  The  roots  of 
plants  keep  the  soil  from  washing  away,  too. 
Plants  help  prevent  dust  storms  when  their 
roots  form  a network  that  holds  soil  or  when 
their  leaves  and  stems  slow  the  wind  down. 

4.  By  making  a covering  for  it  and  holding 
it  with  their  roots. 

How  do  animals  help  us? 

(Pages  36-37) 

Concepts 

1.  Food,  clothing,  and  other  products  come 
from  animals. 
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2.  Some  animals  protect  us  or  do  work  for 
us. 

3.  Some  animals  destroy  plant  and  animal 
pests. 

Information  for  the  teacher 

Pictures.  Page  36.  Sheep  dogs  are  an  im- 
portant part  of  every  sheep  raiser’s  equipment. 
Some  of  the  breeds  used  in  this  work  are:  Old 
English  sheep  dog,  collie,  Shetland  sheep  dog, 
German  shepherd  dog. 

Page  37.  Red-headed  woodpecker.  Much  of 
this  woodpecker’s  food  consists  of  harmful  in- 
sects such  as  scales,  weevils,  cicadas,  and  others. 
It  can  catch  insects  on  the  wing  as  well  as  dig 
for  them  in  trees. 

Procedure 

The  same  procedure  as  suggested  for  the 
previous  problem  on  plants  may  be  followed 
for  this  problem  on  animals.  Have  pupils  col- 
lect pictures  that  show  how  animals  help  us 
and  make  a bulletin  board  display  of  them. 

Questions  (Page  37) 

1-2.  (a)  Sheep,  cows,  pigs,  chickens,  turkeys, 
fish,  rabbits,  etc.,  supply  meat.  Cows  and  goats 
supply  milk.  Chickens  supply  eggs. 

b ) Skins  of  horses,  cattle,  pigs,  sheep,  and 
reptiles  are  used  for  leather;  sheep  supply  wool; 
silkworms  supply  silk. 

c)  Horses,  dogs,  oxen,  camels,  and  llamas  are 
used  to  pull  loads  and  carry  burdens. 

d ) Dogs  are  used  to  guard  property;  cats 
kill  mice  and  rats;  birds  protect  crops  by  eat- 
ing pests;  skunks  and  snakes  also  eat  pests. 

e ) Hawks  and  owls  eat  rats,  mice,  and 
other  pests;  cats,  skunks,  and  snakes  destroy 
mice. 

How  do  we  conserve  the  living  things 
that  help  us?  (Pages  38-41) 

Concepts 

1.  We  raise  and  take  care  of  plants  and  ani- 
mals on  farms. 


2.  Conservation  means  the  protection  and. 
wise  use  of  wild  life,  forests,  soil,  and  other 
things. 

Information  for  the  teacher 

Pictures.  Page  38.  This  boy  has  planted  pine 
trees  in  a sandy  field  where  other  crops  would 
not  grow.  As  the  trees  grow  they  hold  the  soil 
in  place.  Later,  they  may  be  cut  for  Christmas 
trees,  or  much  later,  for  timber. 

Page  40.  The  department  of  conservation 
in  your  province  may  furnish  a list  of  wild 
flowers  and  other  wild  life  that  should  be  pro- 
tected or  that  are  protected  by  law.  This  pink 
lady’s-slipper  is  also  called  moccasin  flower.  It 
has  disappeared  from  many  localities  because 
of  careless  picking.  It  has  only  two  leaves.  If 
these  are  picked,  the  plant  cannot  store  food 
for  another  year. 

Text.  Much  material  on  conservation  is 
available.  Consult  the  Bibliography  on  page  252 
for  references  on  conservation.  Obtain  material 
from  your  provincial  department  of  conserva- 
tion. In  this  way,  the  conservation  teaching 
can  be  keyed  to  local  needs  and  conditions. 

Procedure 

This  problem  is  one  of  the  most  important 
in  the  entire  unit.  Every  effort  should  be  made 
to  make  it  as  real  as  possible  to  the  pupils.  If 
possible,  obtain  a motion  picture  dealing  with 
local  conservation  practices  and  take  a field 
trip  to  see  a conservation  project.  Emphasize 
repeatedly  what  pupils  themselves  can  do  to 
help  conserve  living  things.  Refer  to  the  picture 
on  page  38  as  an  example  of  what  boys  and 
girls  can  do.  The  discussion  of  this  problem 
may  centre  around  these  questions:  “Why 
is  it  important  that  we  conserve  our  wild  plants 
and  animals?”  “What  is  being  done  in  our 
county  to  conserve  our  living  things?”  “How 
can  pupils  in  our  class  prevent  wasteful  use  or 
destruction  of  living  things?”  After  discussing 
these  questions,  have  the  pupils  read  the  prob- 
lem for  additional  information.  See  also 
Things  to  Do,  pages  42-43,  Nos.  2,  7,  10,  12, 
14,  15,  and  17. 
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Questions  (Page  41) 

1.  Conservation  means  protecting  something 
or  using  it  wisely. 

2.  Replanting  forests;  protecting  young 
trees;  protecting  forests  from  fire;  killing  in- 
sects that  damage  and  destroy  trees. 

3.  By  not  cutting  down  or  damaging  trees; 
using  caution  in  making  and  leaving  camp- 
fires and  in  using  any  fire  in  the  woods. 

4.  Passing  laws  against  killing  them  and 
restricting  the  hunting  of  wild  animals;  pro- 
viding homes. 

5.  Thoughtless  destruction  of  plants  and 
animals  and  their  homes.  Obey  the  laws 
controlling  their  conservation;  provide  food 
and  homes  for  animals. 

Questions  to  answer  (Page  42) 

1.  To  discover  whether  the  animal  is  help- 
ful or  harmful  to  us. 

2.  Furnish  food  for  each  other. 

3.  Animals  are  dependent  on  plant  life  for 
food,  but  plants  can  exist  without  animals. 

4.  People  can  think  and  plan. 

5.  To  make  sure  that  each  plant  will  have 
the  needed  amount  of  water  and  sunlight;  so 
that  weeds  can  be  removed  and  the  soil 
loosened  with  machinery  without  disturbing 
the  plants. 

6.  Not  enough  sunlight. 

7.  Animals  such  as  birds,  deer,  bears,  otters, 
beavers,  and  other  animals.  Plants  such  as 
lady’s-slipper,  trillium,  gentian,  etc.  (Answers 
will  depend  on  the  conditions  in  each  province. 
For  example,  the  whooping  crane,  which  nests 
in  the  Northwest  Territories,  needs  protection. 

Things  to  do  (Pages  42-43) 

1.  All  destroy  harmful  insects.  Skunks  and 
snakes  destroy  mice.  (See  Bibliography  on 
page  252.) 

2.  A visit  to  a hatchery,  if  possible,  would 
help  to  concrete  children’s  ideas. 

3.  See  Bibliography  on  page  252. 

4.  Use  text,  observations,  and  additional 
reading. 


5.  Pictures  may  be  made  into  scrapbooks 
with  information  written  about  each  one. 

6.  Can  be  a talk  to  the  whole  group  or  an 
individual  assignment. 

7.  Use  the  text  and  additional  reading  on 
forest  conservation. 

8.  See  Bibliography  on  page  252. 

9.  Find  examples  from  observation  and  read- 
ing. Reports  may  be  made  orally,  and  the  best 
ones  used  for  scrapbooks. 

10.  The  following  will  give  help  in  building 
birdhouses. 

House  Plans — Circular  No.  29.  This  little 
leaflet  contains  plans  and  directions  for 
making  bird  boxes,  and  directions  for 
placement.  Audubon  Society  of  Canada, 
181  Jarvis  Street,  Toronto,  Ontario. 

Songbird  Sanctuaries  by  Roger  T.  Peterson. 
Tables  of  trees,  shrubs,  and  vines  attractive 
to  birds.  32  pp.  Audubon  Society. 

The  Audubon  Society  also  has  plans  for 
various  types  of  bird  baths  and  feeders  for 
different  places  and  different  birds. 

Wings  at  My  Window  by  Ada  C.  Govan. 
Macmillan,  N.Y.,  1940.  198  pp.  A simple, 
interesting  account  of  an  ordinary  family’s 
experiences  with  birds  about  their  home 
grounds. 

11.  See  the  text,  pages  30-32,  for  examples 
of  the  kinds  of  things  the  pupils  may  find, 
depending  on  the  season  and  the  region.  They 
may  also  bring  in  plants  with  galls,  or  swollen, 
tumorlike  growths  caused  by  insect  injury.  If 
these  are  cut  open,  many  of  them  will  be  found 
to  harbor  the  insects  that  caused  them. 

12  and  14.  Class  activity. 

13.  The  Panama  Canal  was  first  attempted 
by  the  French,  but  the  workers  were  attacked 
by  yellow  fever.  After  thousands  died,  the  work 
was  abandoned.  Later,  it  was  discovered  that 
the  fever  is  carried  by  a silver-striped  mosquito 
and  contracted  only  through  its  bite.  The 
United  States  made  a successful  campaign 
against  this  mosquito,  with  particular  effort 
directed  toward  elimination  of  mosquito  breed- 
ing places,  and  was  able  to  complete  the 
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Canal.  See  Men  Who  Found  Out , by  Amabel 
Williams-Ellis  (Coward-McCann,  Inc.),  or  an 
extract  from  it,  “Fighting  Yellow  Fever,”  in 
Literature  and  Life , Boo\  Two,  Revised  (Scott, 
Foresman);  or  refer  to  mosquito,  Panama 
Canal,  William  Crawford  Gorgas,  and  Walter 
Reed  in  an  encyclopedia. 

15.  May  be  found  in  nature  magazines,  out- 
door magazines,  or  newspapers.  The  Audubon 


Society  of  Canada,  181  Jarvis  Street,  Toronto, 
and  some  of  the  provincial  departments  of 
conservation  have  bulletins  showing  the  flowers 
that  need  special  protection.  Books  on  wild 
flowers  frequently  tell  which  plants  should  not 
be  picked. 

16.  See  the  Bibliography  on  page  252  or  any 
of  the  children’s  encyclopedias. 

17.  Class  or  individual  activity. 


UNIT 


What  Makes  Things  Move? 


Purpose  and  scope 

Through  a study  of  this  unit,  the  pupils 
learn  fundamental  ideas  upon  which  they  will 
build  when  they  study  energy  and  work  later 
in  their  science  course.  It  introduces  them  to 
the  world  of  forces.  The  unit  is  full  of  examples 
of  how  we  use  the  energy  of  the  world  to  do 
our  work.  The  examples  are  those  which 
children  encounter  every  day.  Pupils  should 
be  encouraged  to  observe  these  examples,  be- 
come conscious  of  how  they  operate,  and  ap- 
preciate the  importance  of  them.  It  is  not 
necessary  that  the  children  learn  the  names  of 
the  different  kinds  of  energy  at  this  grade  level. 

Science  background 

Loo\  and  Learn:  Unit  2,  Machines 

All  Around  Us:  Unit  2,  Getting  Work  Done 

How  Do  We  Know?:  Unit  4,  Wheels  and 
Levers 

Discovering  Our  World,  Boo\  One:  Unit  2, 
Why  Do  All  Living  Things  Need  Air  and 
Water?  Unit  3,  How  Does  Your  Body  Work? 
Unit  6,  What  Can  Magnets  Do? 

General  concepts 

1.  Things  move  because  they  are  pulled  or 
pushed  by  some  force. 

2.  Force  is  produced  by  energy. 

3.  There  are  different  forms  of  energy. 

4.  Muscles  have  energy. 


5.  Springs  have  energy. 

6.  Gravity  is  the  force  that  holds  things  to 
the  earth. 

7.  Moving  water  has  force. 

8.  Air  has  force  when  it  moves. 

9.  Steam  has  force. 

10.  Gasoline  and  oil  have  force  when  they 
change  to  a gas  and  explode. 

11.  Electric  current  has  energy  that  makes 
a force  which  can  move  things. 

12.  One  form  of  energy  can  be  changed  into 
another  form  of  energy. 

Introducing  the  unit  (Page  45) 

Information  for  the  teacher 

Picture.  Page  44.  Waterfalls  are  a source  of 
power  for  producing  hydroelectricity. 

Procedure 

Each  picture  in  the  unit  shows  something 
that  moves.  Pupils  may  make  a list  of  the 
things  that  the  pictures  show  and  after  each 
example  try  to  tell  what  makes  it  move.  This 
activity  will  provoke  discussion  and  raise  many 
of  the  problems  with  which  the  unit  deals. 
The  introductory  section  may  be  read  after 
the  class  has  made  a list  by  using  the  pictures. 

An  interesting  activity  to  accompany  the 
study  of  each  of  the  problems  is  this:  Suggest 
that  each  pupil  try  to  observe  during  his  out-of- 
school time  examples  of  places  where  things 
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are  being  moved.  Pupils  will  then  report  their 
observations  to  the  class. 

The  problem  on  the  force  of  moving  water 
will  be  more  interesting  and  real  if  a water 
wheel  like  the  one  described  on  page  54  is 
available  or  can  be  made.  Discuss  this  idea  with 
pupils  and  ask  for  volunteers  to  have  one  ready 
to  demonstrate  before  the  class. 

Why  do  things  move?  (Pages  45-48) 

Concepts 

1.  Things  move  because  they  are  pulled  or 
pushed  by  some  force. 

2.  Force  is  produced  by  energy. 

3.  There  are  different  forms  of  energy. 

Information  for  the  teacher 

Pictures.  Page  47.  Top . This  is  a DC3,  or 
Douglas  transport.  Bottom.  Grand  Coulee 
Dam,  located  on  the  Columbia  River  in  the 
State  of  Washington,  is  the  largest  concrete 
dam  in  the  world.  Its  purpose  is  to  provide 
irrigation  and  produce  electric  power.  The 
spillway  can  pass  a flood  of  1,000,000  cubic  feet 
per  second.  The  generators  have  a peak  capac- 
ity of  2,250,000  kilowatts. 

Text.  There  are  two  main  kinds  of  energy: 
kinetic  energy  and  potential  energy.  Kinetic 
energy  is  the  energy  that  things  have  because 
they  are  moving,  that  is,  the  energy  of  motion. 
Wind,  rushing  water,  a moving  automobile, 
etc.,  all  have  kinetic  energy.  Potential  energy 
is  the  energy  stored  in  matter.  It  may  have  this 
potential  energy  (1)  because  of  its  position, 
such  as  something  up  high;  (2)  because  of  its 
condition,  such  as  the  wound-up  spring  of  a 
watch  or  the  stretched  spring  of  a door;  or 
(3)  because  of  its  chemical  composition,  such 
as  fuels,  foods,  and  explosives. 

There  are  different  forms  of  kinetic  and 
potential  energy:  mechanical  energy,  chemical 
energy,  heat  energy,  light  and  other  forms  of 
radiant  energy,  sound  energy,  and  the  energy 
of  magnetism.  Some  of  these  forms  of  energy, 
such  as  mechanical  energy,  may  be  potential 


at  some  times  and  kinetic  at  others.  Chemical 
energy  is  always  potential  energy,  because  it 
is  stored  in  materials.  Heat  is  always  kinetic 
energy,  since  it  is  actually  the  motion  of  mole- 
cules in  materials. 

Procedure 

In  teaching  this  first  problem,  keep  in  mind 
the  concepts  that  you  are  trying  to  help  the 
children  understand.  (See  the  list  above.)  This 
understanding  comes  about  through  discussion 
of  the  many  examples  listed  in  the  section. 

The  teacher  may  begin  this  section  by  lifting 
a chair  up  on  to  a table  and  asking  the  children 
this  question : “When  I lift  this  chair,  will  you 
observe  very  carefully  what  happens  and  then 
tell  what  you  see?”  (The  chair  is  moved.  It 
was  pulled  and  pushed.  The  force  of  muscles 
moved  it.)  After  the  pupils  have  given  their 
observations,  ask  them  to  read  the  paragraph 
at  the  bottom  of  page  45. 

Ask  the  children  to  select  the  sentences  that 
they  think  tell  the  most  important  ideas  and 
write  these  two  sentences  on  the  board  for 
future  reference : “Nothing  moves  unless  some- 
thing pulls  or  pushes  it.”  “Whenever  anything 
in  the  world  moves,  it  is  moved  by  some  force.” 

Ask  the  class  to  read  the  paragraph  at  the 
top  of  page  46.  Have  them  list  the  things  that 
are  moved.  Then  the  pupils  should  read  the 
next  paragraph  and  list  opposite  each  moving 
thing  the  force  that  moves  it.  Then  have  the 
pupils  read  the  next  paragraph  to  find  another 
important  idea  to  list  on  the  board:  “Without 
energy,  there  would  be  no  force.” 

The  next  paragraphs  tell  what  energy  means. 
Let  the  pupils  read  the  rest  of  the  problem  and 
again  find  important  ideas  to  list:  energy  is 
the  ability  to  do  work;  energy  makes  force 
possible;  there  are  different  forms  of  energy; 
every  force  is  supplied  by  some  form  of  energy. 
Also  see  Things  to  Do,  page  69,  No.  6. 

Questions  (Page  48) 

1.  A pull  or  a push.  Force  of  wind,  water, 
steam,  electric  current,  gasoline,  muscles. 
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2.  Energy  is  the  ability  to  do  work.  We 
know  something  has  energy  when  it  can  make 
a force  that  moves  something. 

3.  All  of  them.  They  can  all  make  some- 
thing else  move. 

4.  From  the  energy  of  the  muscles  of  the 
person  who  threw,  kicked,  or  hit  the  ball. 

5.  Nothing  would  move. 

Where  do  your  muscles  get  their 
energy?  (Pages  48-49) 

Concepts 

1.  Muscles  get  their  energy  from  the  food 
that  is  eaten. 

2.  Food  has  energy  stored  in  it. 

Information  for  the  teacher 

Picture.  Page  49.  The  energy  of  muscles  (the 
dogs’  and  the  man’s)  is  being  used.  The  energy 
has  come  from  the  food  that  the  man  and  the 
dogs  have  eaten. 

Text.  The  energy  stored  in  food  is  chemical 
potential  energy.  It  is  potential  energy  because 
it  can  do  work  only  after  it  has  been  changed 
into  kinetic  energy,  or  the  energy  of  motion. 
It  is  chemical  energy  because  a chemical  change 
is  necessary  to  change  the  energy  from  potential 
to  kinetic  energy. 

Procedure 

In  introducing  this  problem,  ask  the  pupils 
what  they  have  already  learned  about  this 
question:  “How  do  your  muscles  get  their  en- 
ergy?” After  this  discussion,  the  problem  may 
be  read  by  the  class.  Pupils  may  discuss  the 
question:  “How  would  the  world  be  different 
if  we  had  never  learned  to  use  any  energy 
except  the  energy  of  muscles?” 

Questions  (Page  49) 

1.  From  the  food  that  we  eat. 

2.  From  the  food  that  they  eat. 

3.  Yes.  Our  breakfast  is  changed  in  our 
bodies  into  the  energy  of  muscles,  which  we 
use  in  riding  a bicycle. 


How  do  springs  get  their  energy? 
(Page  50) 

Concepts 

1.  Springs  get  energy  when  they  are  wound 
up. 

2.  Springs  get  energy  when  they  are  pushed 
in  or  pulled  out. 

Procedure 

In  preparation  for  this  problem,  ask  the  pu- 
pils to  bring  to  class  something  that  works  by 
using  a spring.  Let  them  show  the  things  they 
have  brought  and  how  the  spring  in  each 
article  makes  it  work.  Then  ask  others  to 
suggest  additional  things  that  they  have  seen 
which  operate  by  using  springs.  The  problem 
may  then  be  read  and  discussed. 

Questions  (Page  50) 

1.  Answers  may  include  springs  on  screen 
doors,  toys,  curtain  rollers,  bird  cages,  etc. 

2.  Giving  it  the  energy  of  your  muscles, 
which  it  uses  when  it  unwinds,  pulls  back,  or 
pushes  out. 

What  is  the  greatest  force  in  the  world? 
(Pages  51-52) 

Concepts 

1.  Gravity  is  the  force  that  holds  things  to 
the  earth. 

2.  Gravity  pulls  things  from  higher  places 
to  lower  places  on  the  earth. 

3.  The  pull  of  gravity  gives  things  weight. 

Information  for  the  teacher 

Picture.  Page  51.  Gravity  is  pulling  the 
children  downhill. 

Procedure 

The  picture  on  page  51  may  be  used  to  in- 
troduce this  problem  by  asking  the  class  to 
answer  the  question  above  the  picture.  After 
pupils  have  discovered  that  this  force  is  gravity, 
ask  some  of  the  pupils  how  much  they  think 
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gravity  pulls  on  them.  (It  is  the  amount  of 
their  weight  as  shown  by  a scale.)  Following 
this  discussion,  the  pupils  are  ready  to  read  the 
problem  to  find  out  why  gravity  is  the  greatest 
force  in  the  world. 

Questions  (Page  52) 

1.  Everything  in  the  schoolroom. 

2.  Feather,  rock,  pail  of  water.  (Noise  and 
sunshine  are  forms  of  energy.) 

3.  Gravity  pulls  on  it. 

4.  How  much  gravity  is  pulling  on  you. 

5.  (b)  and  ( d ). 

How  do  we  use  moving  water? 

(Pages  53-55) 

Concepts 

1.  Moving  water  has  force. 

2.  The  faster  the  water  moves,  the  more 
force  it  has. 

3.  The  force  of  gravity  makes  water  run 
from  high  places  to  lower  places. 

4.  Dams  are  built  to  raise  water  to  a higher 
level  so  that  it  can  fall  and  thus  provide  greater 
force. 

Experiments 

Page  54:  To  make  a water  wheel  and  show 
how  it  works. 

Materials:  Two  thin  boards,  six  small  nails, 
three  narrow  pieces  of  wood,  saw,  hammer, 
running  water. 

Page  54:  To  show  how  a water  wheel  is  used 
to  turn  another  wheel. 

Materials:  Water  wheel  made  above  and 
toy  Ferris  wheel  (or  some  other  toy  that  can 
be  turned  in  this  way),  spool,  small  nails, 
string. 

Information  for  the  teacher 

Pictures.  Page  53.  This  is  typical  of  the 
damage  done  by  flood-swollen  rivers. 

Page  54.  Top,  an  undershot  water  wheel.  This 
means  that  the  water  turns  the  wheel  by  strik- 
ing the  paddles  as  it  flows  under  the  wheel. 


In  an  overshot  water  wheel,  such  as  the  one 
in  the  picture  on  page  69,  the  water  turns  the 
wheel  by  striking  the  paddles  as  it  flows  over 
the  wheel  and  falls. 

Page  55.  Left.  This  is  the  Rock  Island  Dam 
on  the  Columbia  River,  in  the  state  of  Wash- 
ington. At  the  right  end  is  the  building  that 
houses  the  water  wheels,  or  turbines.  At  the 
left  is  the  spillway  that  allows  excess  water  to 
flow  out  of  the  reservoir  so  that  water  will  not 
flow  over  the  top  of  the  dam. 

Text.  Some  of  the  great  water-power  plants 
in  Canada  are  on  the  Niagara  and  St.  Lawrence 
Rivers  in  Ontario,  the  St.  Maurice,  Gatineau, 
Saguenay,  and  St.  Lawrence  Rivers  in  Quebec, 
the  Bow  River  in  Alberta,  and  the  Campbell 
River  on  Vancouver  Island. 

Dams  vary  somewhat  in  construction,  de- 
pending on  the  primary  purpose  for  which 
they  are  made  and  the  location  of  the  dam. 
Dams  to  be  used  primarily  for  flood  control 
and  irrigation  may  be  different  from  those 
that  are  to  be  used  primarily  as  sources  of 
water  power. 

Procedure 

Introduce  this  problem  by  letting  the  pupils 
who  constructed  the  water  wheel  show  it  to 
the  class  and  operate  it.  Let  them  run  it  fast 
and  slowly.  Suggest  that  the  children  observe 
it  closely.  Leave  the  water  wheel  where  the 
pupils  who  are  interested  can  operate  and  ob- 
serve it.  After  this  experience,  the  pupils  are 
ready  to  study  the  pictures  and  read  the  text 
of  this  problem.  The  picture  at  the  right  on 
page  55  gives  a simple  explanation  of  how  a 
dam  operates  to  turn  a water  wheel.  If  possible, 
a field  trip  to  a dam  to  observe  this  action  will 
be  profitable  and  interesting.  It  is  not  intended 
that  pupils  at  this  level  go  into  the  mechanics 
of  how  the  wheel  makes  electric  current. 

Questions  (Page  55) 

1.  The  water  wheel  in  the  stream  flowing 
down  a mountain,  because  the  water  is  moving 
faster  and  exerts  more  force  on  the  wheel. 
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2.  So  they  could  make  use  of  the  force  of 
moving  water  to  run  machines. 

3.  Yes.  Without  energy,  moving  water 
would  have  no  force. 

4.  Water  wheels  are  turned  by  the  force  of 
moving  water,  which  is  being  pulled  downhill 
by  gravity. 

How  do  we  use  moving  air? 

(Pages  56-58) 

Concepts 

1.  Moving  air  has  force. 

2.  The  faster  air  moves,  the  more  force  it 
has. 

3.  The  force  of  gravity  makes  air  move. 

4.  People  have  learned  how  to  make  air 
move  to  provide  force. 

Information  for  the  teacher 

In  a vacuum  cleaner,  the  fan  is  part  of  a 
centrifugal  air  pump  driven  by  the  motor.  As 
the  fan  turns  rapidly  around,  a partial  vacuum 
is  created  near  the  centre  of  the  pump.  At- 
mospheric pressure  forces  more  air  in  through 
the  nozzle  of  the  cleaner  and  into  the  centre 
of  the  pump.  When  the  cleaner  is  pushed  across 
a rug,  the  air  rushes  through  the  rug  and  into 
the  cleaner,  carrying  dirt  and  dust  with  it. 

>» 

Procedure 

In  preparation  for  this  problem,  it  may  be 
possible  for  some  pupil  to  bring  a sailboat  to 
class  and  for  someone  to  bring  a vacuum 
cleaner.  After  experiences  with  the  sailboat  and 
vacuum  cleaner,  the  pupils  may  make  a list  of 
places  where  they  have  seen  the  force  of  mov- 
ing air  in  use.  Then  they  may  study  this  prob- 
lem, look  at  the  pictures,  and  add  to  the  list. 
Some  of  the  children  may  want  to  make  and 
use  pinwheels,  as  suggested  on  page  57. 

Questions  (Page  58) 

1.  In  all  of  the  ways  listed. 

2.  One  run  by  an  engine.  You  cannot  be 
sure  that  the  wind  will  blow  when  you  need  it. 


3.  An  electric  motor  runs  a fan,  and  the  fan 
makes  the  air  move  into  the  cleaner. 

4.  In  windmills,  sailboats,  iceboats. 

Why  can  steam  move  things? 

(Pages  59-61) 

Concepts 

1.  Steam  has  force  because  water  takes  up 
more  space  when  it  changes  to  steam. 

2.  The  energy  that  a steam  engine  uses 
comes  from  coal,  oil,  or  other  fuel. 

3.  Every  steam  engine  must  have  heat  and 
water. 

Experiment 

Page  60:  To  show  that  steam  has  force. 
Materials:  Test  tube,  cork,  test-tube  holder, 
source  of  heat. 

Information  for  the  teacher 

Pictures.  Page  59.  This  is  a mountain-type 
locomotive. 

Page  60.  The  inside  of  a mountain-type  loco- 
motive. The  water  in  the  boiler  surrounds  a 
great  number  of  tubes.  The  fire  and  the  hot 
gases  from  it  pass  through  the  tubes  and  heat 
the  water.  The  pipe  that  carries  the  steam  to 
the  cylinders  and  pistons  that  move  the  wheels 
is  in  the  space  above  the  water.  Steam  enters 
and  follows  the  path  marked  by  the  arrows. 

Page  61.  A De  Laval  turbine.  This  kind  of 
wheel  turned  by  steam  was  invented  by  a 
Swedish  inventor,  Carl  De  Laval,  for  use  in 
cream  separators.  This  principle  is  used  in 
the  large  steam  turbines  that  have  many  blades. 
Note  that  the  steam  is  not  visible.  The  white 
cloud  consists  of  water  droplets  formed  when 
the  steam  coming  out  of  the  tube  condenses 
as  it  reaches  the  cooler  air. 

Procedure 

Do  the  experiment  suggested  on  page  60  and 
ask  the  pupils  to  explain  what  happens.  Then 
have  them  examine  the  diagram  on  page  60 
to  see  whether  they  can  explain  how  steam 
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makes  the  locomotive  go.  After  the  experiment 
and  discussion,  the  pupils  should  read  pages 
59-61  to  discover  additional  ideas.  See  also 
Things  to  Do , page  69,  Nos.  4 and  8. 

Questions  (Page  61) 

1.  A boiler  for  water  and  a fire  to  change 
the  water  to  steam. 

2.  Heat.  When  water  boils,  it  changes  to  a 
gas,  steam. 

3.  Gas.  No.  It  is  colorless.  What  you  see  is 
a cloud  of  water  droplets  formed  when  steam 
condenses  as  it  cools. 

4.  Steam  has  force.  The  energy  of  the  ex- 
panding steam  makes  the  force.  The  steam 
takes  up  much  more  space  than  the  water  and 
so  pushes  against  the  cork. 

5.  The  steam  is  sent  to  the  part  of  an  engine 
that  turns  a wheel.  It  pushes  hard  to  get  out. 
In  doing  this,  it  turns  the  wheel. 

How  do  we  use  the  force  of  explosions? 
(Pages  62-63) 

Concepts 

1.  When  anything  explodes,  it  suddenly  gets 
very  much  larger. 

2.  Gasoline  and  oil  have  force  when  they 
change  to  a gas  and  explode. 

Information  for  the  teacher 

The  parts  of  a gasoline  engine  where  the 
explosions  occur  are  the  cylinders.  The  force 
of  the  expanding  gas  pushes  down  on  the  pis- 
tons, which  are  attached  to  the  drive  shaft 
that  turns  the  wheels.  If  further  details  are 
desired,  see  a general  science  book  or  an  ele- 
mentary physics  book  for  a description  of  how 
the  gasoline  engine  works. 

In  a Diesel-driven  locomotive  such  as  the  one 
on  page  63,  much  of  the  space  in  the  three  or 
four  units  of  the  locomotive  is  occupied  by 
the  generators.  The  Diesel  engine  furnishes  the 
energy  to  run  the  generators.  The  generators 
run  motors,  which  turn  the  wheels.  Thus,  this 
is  properly  called  a Diesel-electric  locomotive. 
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Procedure 

Have  the  children  read  pages  62-63.  Pupils 
at  this  level  are  not  expected  to  go  into  a tech- 
nical discussion  of  the  internal-combustion  en- 
gine. It  is  sufficient  for  them  to  realize  that  the 
force  of  the  exploding  gas  is  responsible  for 
moving  a car  or  other  machine.  If  the  high- 
school  shop  has  a cut-away  model,  the  pupils 
may  be  interested  in  seeing  it.  See  also  Things 
to  Do,  page  69,  No.  7. 

Questions  (Page  63) 

1.  (a)  liquid;  ( b ) gas;  (c)  force;  ( d ) larger. 

2.  Ali\e:  produce  force  by  being  changed 
from  liquids  to  gases;  get  larger  and  push  out. 
Different:  Water  does  not  explode  to  make 
steam;  gasoline  explodes  to  become  larger. 

3.  An  electric  spark. 

How  does  electric  current  move 
things?  (Pages  64-66) 

Concepts 

1.  Electric  current  has  energy  that  makes  a 
force  which  moves  things. 

2.  An  electric  motor  is  a machine  that  uses 
the  energy  of  electric  current. 

3.  Electric  current  can  be  made  in  two  ways. 

a)  Electric  current  is  made  to  flow  by  a 
generator  that  is  run  by  some  other  force. 

b ) Electric  current  is  made  to  flow  by  an 
electric  cell. 

Experiments 

Page  64:  To  show  that  electric  current  can 
make  a magnet. 

Materials:  Large  iron  nail,  cotton-covered 
copper  wire,  dry  cell,  tacks. 

Page  65:  To  find  out  how  one  magnet  will 
turn  another. 

Materials:  Two  bar  magnets,  wooden  sup* 
port,  string. 

Page  65:  To  show  how  electric  current  runs 
a motor. 

Materials:  Two  dry  cells,  cotton-covered 
copper  wire,  toy  motor. 


Information  for  the  teacher 

Electromagnets,  kinds  of  electric  cells,  mo- 
tors, etc.,  will  be  discussed  in  more  detail  in 
Unit  5 of  Discovering  Our  World , Boo\  Three. 
The  cells  shown  in  use  in  these  experiments  are 
dry  cells.  Do  not  leave  the  dry  cells  connected 
for  too  long,  as  they  will  wear  out.  There  is  no 
danger  of  the  pupils  getting  a shock  from  the 
dry  cells.  But  if  there  is  a complete  circuit 
for  too  long  a time,  the  wires  become  heated 
enough  to  burn  the  fingers. 

Procedure 

If  any  pupil  has  an  electric  train  and  can 
bring  it  to  school,  have  him  operate  the  train 
for  the  class  to  observe.  The  pupils  should  do 
the  experiments  pictured  at  the  bottom  of  page 
64  and  the  ones  on  page  65.  Then  have  them 
read  the  problem  to  check  their  findings.  The 
technical  explanation  of  how  an  electric  motor 
operates  is  not  to  be  considered.  The  important 
idea  is  that  the  energy  of  electric  current  is 
very  useful.  Have  the  pupils  list  as  many  places 
as  they  can  where  they  have  used  the  energy 
of  electric  current  to  move  things. 

Questions  (Page  66) 

1.  With  a generator;  with  an  electric  cell. 

2.  Because  it  produces  a force  that  will  turn 
a motor. 

3.  Washing  machine,  vacuum  cleaner,  street- 
car, water  pump,  electric  refrigerator,  electric 
fan,  etc. 

How  can  one  form  of  energy  be 
changed  to  another?  (Pages  67-68) 
Concept 

One  form  of  energy  can  be  changed  into 
another  form  of  energy. 

Information  for  the  teacher 

Pictures.  Pages  66-67.  The  electric  current 
is  sent  from  the  generators  through  “high  ten- 
sion” wires  supported  by  tall  steel  towers. 
From  these  wires,  the  current  is  stepped  down, 


that  is,  the  voltage  is  reduced,  for  ordinary  use. 
It  may  be  stepped  down  by  transformers  sev- 
eral times  between  the  original  source  of  the 
current  and  the  place  where  it  is  finally  used, 
depending  on  how  much  voltage  is  required. 

The  pictures  show  only  two  wires  for  the 
sake  of  simplicity.  Actually,  the  current  is 
usually  carried  by  three  wires,  one  of  which 
is  neutral  or  grounded. 

Page  68.  This  wind  generator  is  used  on 
farms  to  convert  the  energy  of  the  free  wind 
into  electric  current.  Generators  of  this  type 
are  used  in  many  parts  of  the  country. 

Text.  One  form  of  energy  can  be  changed 
into  another  just  as  matter  can  be  changed 
from  one  state  to  another.  The  recent  work  on 
nuclear  fission  has  also  shown  that,  under  cer- 
tain conditions,  energy  can  be  changed  into 
matter  and  matter  into  energy.  This  discovery 
has  led  many  scientists  to  believe  that  the  laws 
of  conservation  of  energy  and  of  conservation 
of  matter  are  really  two  parts  of  the  same  prin- 
ciple. The  sum  total  of  energy  and  matter  in 
the  universe  remains  the  same,  although  the 
amount  of  each  may  change  as  matter  or 
energy  changes  from  one  to  the  other. 

Procedure 

Use  the  pictures  on  pages  66-67  as  an  intro- 
duction to  the  last  problem  of  this  unit.  Let  the 
pupils  discuss  how  they  think  energy  of  moving 
water  is  keeping  Betty  cool.  After  this  discus- 
sion, let  the  pupils  read  page  67  and  then  ask 
them  to  think  of  places  where  one  form  of 
energy  is  changed  to  another.  After  this  dis- 
cussion, have  them  read  page  68. 

In  concluding  this  unit,  the  pupils  may  make 
a list  of  the  important  ideas  that  they  have 
learned  (see  concepts)  and  try  to  find  places 
where  these  ideas  are  functioning  in  their  en- 
vironment. This  activity  may  be  combined 
with  Things  to  Do,  Nos.  1 and  5,  on  page  69. 

Questions  (Page  68) 

1.  Gasoline  engine  could  run  a machine  to 
generate  electric  current  that  would  turn  a fan. 
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2.  Many  electric  generators  are  run  by  steam 
made  by  heating  water  with  a coal  fire.  The 
electric  current  could  run  a fan. 

Questions  to  answer  (Page  68) 

1.  Electric  current:  heat,  light,  cooking, 
cleaning,  ventilation,  telephone. 

2.  All  have  energy  and  create  force;  they 
can  move  things;  they  are  strong  and  can 
help  or  harm  us. 

3.  Makes  rivers  move  to  make  electric  cur- 
rent, causes  water  to  soak  into  the  ground  for 
plants,  etc.  Makes  things  hard  to  lift,  makes 
it  difficult  for  us  to  fly,  etc. 

4.  Electric  current  because  it  can  do  so  many 
things  for  us. 

5.  Dentist : electric  current  to  run  his  drill, 
etc.  Farmer:  electric  current,  wind,  water,  etc., 
to  run  machines.  Railroad  engineer:  steam,  ex- 
plosion of  gasoline  or  oil,  electric  current  to 
run  trains.  Repair  man:  electric  current  to  run 
his  tools,  etc. 


6.  Explosion  of  gasoline  (motor  running 
threshing  machine);  muscles  (men  and 
horses) ; moving  air  (blower  in  thresher) ; 
wind  (windmill). 

Things  to  do  (Page  69) 

1-2.  Individual  activities. 

3.  May  be  steam  or  moving  water. 

4.  Usually  run  by  alcohol  lamp  or  electric 
current. 

5.  Story  on  page  45  will  be  helpful  in  writ- 
ing this  story. 

6.  Lists  will  vary  but  might  include  moving 
a piano  or  other  furniture,  bricks  or  lumber 
for  a house,  load  of  hay,  etc. 

7.  ( a ) Usually  blasted  loose  with  dynamite 
or  TNT;  ( b ) by  force  of  the  exploding  gun- 
powder in  the  cartridge. 

8.  If  possible,  arrange  for  a visit  to  see  a 
steam  locomotive.  The  engineer  will  probably 
be  willing  to  answer  questions  that  the  pupils 
ask. 


UNIT 


How  Is  Our  Work  Made  Easier? 


Purpose  and  scope 

The  purpose  of  the  unit  is  to  acquaint  pupils 
with  the  importance  of  machines,  to  help  them 
become  aware  of  how  they  work,  to  teach  them 
the  easiest  principles  of  how  machines  work, 
to  impress  them  with  the  importance  of  safety 
rules  in  using  machines,  and  to  increase  their 
interest  in  and  appreciation  of  machines.  It  is 
important  to  remember  that  girls,  too,  are  inter- 
ested in  this  unit  as  well  as  the  boys.  Girls  may 
be  apt  to  assume  that  the  material  is  difficult 
until  they  see  how  simple  it  really  is.  They  will 
become  more  convinced  of  this  as  they  begin 
to  see  how  many  of  the  things  that  they  use 
every  day  are  really  machines.  At  this  level, 
it  is  not  necessary  to  go  into  the  mathematical 


relationships  involved  in  explaining  how  ma- 
chines help  us.  It  is  sufficient  to  demonstrate 
that  machines  do. 

Much  of  the  success  of  this  unit  depends  on 
giving  pupils  actual  experiences  that  will  make 
the  science  concepts  real  and  understandable. 
Many  simple  machines  will  be  found  in  the 
classroom  (pens,  pencils,  pencil  sharpener, 
window  pulleys,  etc.) . If  there  is  a general  shop 
or  an  auto  shop  in  connection  with  your  school 
or  a nearby  school,  it  will  furnish  excellent 
examples  of  the  ideas  developed.  The  occupa- 
tions of  many  of  the  fathers  of  the  pupils  will 
be  useful  as  examples.  The  machines  used  in 
the  kitchen  and  elsewhere  in  the  home,  those 
used  in  constructing  buildings  near  the  school 
and  many  other  places  will  all  be  useful. 
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Science  background 

Loo\  and  Learn:  Unit  2,  Machines 

All  Around  Us:  Unit  2,  Getting  Work  Done 

How  Do  We  Know?:  Unit  4,  Wheels  and 
Levers 

Discovering  Our  World,  Boo\  Two:  Unit  2, 
What  Makes  Things  Move? 

General  concepts 

1.  A machine  is  a device  that  makes  work 
easier. 

2.  A force  must  be  used  to  make  a machine 
work. 

3.  Simple  machines  have  only  a few  parts. 

4.  Machines  with  many  parts  are  made  up 
of  simple  machines  put  together  in  different 
ways. 

5.  Levers,  inclined  planes,  pulleys,  and 
wheels  and  axles  are  simple  machines. 

6.  One  wheel  can  be  used  to  turn  another 
wheel. 

7.  Machines  can  be  made  to  work  more 
easily  when  we  reduce  the  friction  in  them. 

8.  Friction  is  often  useful  and  is  needed  to 
help  us  do  work. 

9.  Machines  can  be  dangerous  and  must  be 
used  carefully. 

Introducing  the  unit  (Page  71) 

Begin  by  asking  pupils  to  suggest  situations 
in  which  they  have  seen  machines  being  used. 
List  these  for  future  use  and  suggest  that  the 
pupils  observe  them  to  find  examples  of  the 
things  they  are  studying.  After  the  list  is  made, 
ask:  “How  many  ways  can  you  think  of  in 
which  machines  help  us?”  (To  lift,  to  move, 
to  cut,  etc.)  Pupils  may  then  read  page  71  to 
find  out  what  is  happening  in  the  picture  at 
the  top  of  the  page  and  to  find  some  of  the 
ways  in  which  machines  help  us.  After  this 
reading  and  discussion,  ask  the  pupils  to  ex- 
amine the  picture  at  the  top  of  page  72  and 
answer  the  two  questions  asked  under  the 
picture.  (See  “Information  for  the  teacher”  on 
this  page  of  the  Guidebook) 


What  is  a machine?  (Pages  72-73) 

Concepts 

1.  A machine  is  a device  that  makes  work 
easier. 

2.  A force  must  be  used  to  make  a machine 
work. 

3.  Simple  machines  have  only  a few  parts. 

4.  Machines  with  many  parts  are  made  up 
of  simple  machines  put  together  differently. 

Experiment 

Page  73:  To  show  that  a machine  makes 
work  easier. 

Materials:  Orange,  knife,  orange  squeezer, 
glass. 

Information  for  the  teacher 

Picture.  Page  72.  Top,  left,  squeezing  an 
orange — use  an  orange  squeezer;  centre,  break- 
ing a stick  of  wood — use  a saw  or  a hatchet; 
top,  right,  tearing  a piece  of  cloth — use  scissors; 
bottom , left,  moving  a heavy  box — put  it  on 
something  with  wheels;  bottom , right , getting 
heavy  stone  off  the  ground — use  a lever. 

Text.  Background  material  on  machines  can 
be  found  in  a general  science  book.  Some  books 
list  six  simple  machines:  lever,  inclined  plane, 
wedge,  screw,  pulley,  wheel  and  axle.  In  this 
book,  the  wedge  and  screw  are  classed  as  in- 
clined planes,  since  they  are  both  made  from 
inclined  planes. 

Procedure 

This  problem  may  be  introduced  by  follow- 
ing the  suggestion  in  the  first  paragraph  on 
page  73.  The  orange  squeezer  makes  the  work 
easier.  After  this  experience  suggest  that  the 
pupils  read  the  entire  problem  to  find  out:  (1) 
How  machines  are  different.  (2)  How  they  are 
alike.  (3)  What  things  they  can  do  for  us. 

Questions  (Page  73) 

1.  To  make  our  work  easier. 

2.  Answers  may  include  hammers,  saws, 
scissors,  screwdrivers,  etc. 
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How  do  we  use  levers?  (Pages  73-77) 

Concepts 

1.  All  levers  have  three  parts:  the  fulcrum, 
the  part  where  the  force  is  used,  and  the  part 
where  the  work  is  done. 

2.  The  nearer  the  fulcrum  of  a lever  is  to 
the  weight,  the  easier  it  is  to  lift  the  weight. 

3.  A lever  increases  the  force  or  changes  the 
direction  of  the  force. 

Experiments 

Pages  74-75:  To  see  how  a lever  works. 

Materials:  Board  three  feet  long  and  three 
inches  wide,  three-sided  block  of  wood  about 
two  inches  high,  two  small  boxes  of  the  same 
size,  stones,  sand  or  other  weight,  scales  to 
weigh  boxes. 

Pages  76-77:  To  see  how  levers  make  work 
easier. 

Materials  : Hammer,  tack,  board,  claw  ham- 
mer or  tack  puller,  large  stone  or  weight,  small 
stone,  crowbar  or  strong  wooden  stick  such  as 
a broomstick  (weight  must  be  limited  if  a 
wooden  stick  is  used). 

Information  for  the  teacher 

Pictures.  Page  76.  They  are  using  levers  to 
lift  something  up  by  pushing  down.  They  are 
increasing  the  force  and  changing  the  direction 
of  the  force. 

Text.  The  fulcrum  of  a lever  is  correctly 
described  as  the  point  on  which  the  lever  pivots 
or  turns.  At  this  grade  level,  the  three  classes 
of  levers  are  not  taught  by  name.  It  is  sufficient 
to  show  that  levers  may  differ  in  arrangement 
of  the  fulcrum. 

The  part  of  the  lever  from  the  force  to  the 
fulcrum  is  known  as  the  force-arm  and  the 
part  from  the  weight  to  the  fulcrum  is  the 
weight-arm.  For  a small  force  to  lift  a greater 
weight,  the  force-arm  must  be  longer  than  the 
weight-arm. 

In  the  picture  on  page  75,  one  boy  can  lift 
five  boys  because  the  five  boys  (the  weight) 
are  nearer  the  fulcrum  than  the  one  boy  (the 
force).  The  lever  increases  the  force. 
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Procedure 

Interest  in  this  problem  on  levers  will  be 
increased  if  the  teacher  asks  whether  anyone 
can  use  the  board  and  block  to  lift  another 
pupil  in  the  class.  Suggest  that  they  use  the 
pictures  in  the  problem  to  help  them  if  they 
cannot  otherwise  figure  out  how  to  do  it.  Let 
them  discover  anything  that  they  can  about 
moving  the  block  various  distances. 

After  this  experience,  have  them  perform  the 
experiments  suggested  in  the  last  paragraph 
on  page  74  and  on  page  75.  Do  not  let  the 
pupils  read  any  more  of  the  text  than  that 
which  describes  how  the  experiment  should  be 
performed,  since  for  the  rest  of  the  problem 
they  need  to  know  the  meaning  of  the  term 
fulcrum.  Let  them  draw  such  conclusions  as 
they  can  from  the  experiments.  They  should 
be  able  to  see  how  the  force  and  the  weight 
lifted  have  a relationship  to  the  position  of  the 
fulcrum.  After  they  have  discussed  their  find- 
ings, they  may  read  the  problem  to  find  addi- 
tional ideas  that  they  had  not  discovered  for 
themselves.  As  an  assignment,  ask  pupils  to 
look  for  examples  of  places  where  levers  are 
being  used  and  to  report  them  to  the  class. 

Since  this  section  on  levers  is  long,  it  should 
be  broken  into  two  lessons.  The  second  lesson 
should  begin  with  page  76  after  pupils  have 
reported  their  observations  of  levers. 

In  introducing  the  remaining  material  (be- 
ginning on  page  76),  have  pupils  try  the  ex- 
periment with  the  nail  in  the  board  described 
on  page  76.  Let  them  try  to  pull  the  nail  with- 
out the  hammer.  Then  let  them  try  it  with  the 
hammer.  Help  them  identify  the  weight,  the 
force,  and  the  fulcrum. 

After  this  experience,  use  the  pictures  on 
page  77  by  asking  pupils  to  locate  the  force, 
fulcrum,  and  the  place  where  the  work  is  done. 
Ask  them  first  to  find  out  how  the  nutcracker 
is  different  from  the  other  levers  they  have 
used.  (The  fulcrum  is  at  one  end  in  the  nut- 
cracker.) After  this  difference  has  been  pointed 
out,  have  the  children  examine  the  other  pic- 
tures to  see  where  the  force  and  fulcrum  are. 


The  remainder  of  the  text  may  then  be  read. 
Ask  the  pupils  to  make  a list  of  the  important 
ideas  that  they  have  learned  about  levers.  They 
should  include  the  concepts  given  on  page  104 
of  this  Guideboo\. 

Questions  (Page  77) 

1.  Nutcracker : Fulcrum  is  the  hinge;  force 
is  put  at  the  other  end;  the  work  is  done  on  the 
sides.  Increases  the  force  of  the  hand.  Scissors: 
Fulcrum  is  the  point  at  which  the  blades  are 
joined;  force  is  put  at  the  handles;  work  is 
done  along  the  blades.  Resulting  work  is  better, 
faster,  and  easier  than  any  other  sharp  instru- 
ment could  do.  Crowbar:  Small  stone  is  the 
fulcrum;  force  is  applied  at  the  long  end  of 
the  bar;  work  is  done  at  the  short  end.  Easier 
to  lift  or  move  heavy  objects  than  by  muscles 
alone,  since  it  increases  the  force  of  the  muscles 
and  changes  the  direction  of  the  force.  Bac\ 
puller:  The  place  just  back  of  the  claws  where 
it  rests  against  the  board  is  the  fulcrum;  force 
is  applied  at  the  end  of  the  handle;  work  is 
done  by  the  short  prongs.  Increases  force  and 
changes  direction  of  force.  Probably  could  not 
pull  the  tack  with  fingers  alone.  Rowboat:  The 
fulcrum  is  at  the  ends  of  the  blades  in  the 
water;  force  is  applied  at  the  short  ends  or 
handles;  work  is  done  at  point  where  the  oars 
are  attached  to  the  boat  (oarlocks).  Increases 
force.  Could  not  move  a large  boat  with  hands 
alone.  Snow  shovel:  Fulcrum  is  at  the  point 
where  hand  holds  the  shovel;  force  is  put  at 
the  handle  by  the  other  hand;  work  is  done  at 
the  lower  shovel  end.  Does  a greater  amount  of 
work  than  could  be  done  with  hands  alone. 
Baseball  bat:  Fulcrum  is  at  the  end  of  the  bat 
nearest  us;  force  is  put  on  the  handle,  work 
is  done  at  the  long,  larger  end.  Makes  bat  move 
faster.  Broom:  Fulcrum  is  at  top  end  of  broom; 
force  applied  to  handle;  work  done  at  floor 
end.  Increases  sweep  of  broom.  Sugar  tongs: 
Fulcrum  is  at  the  curved  hinge;  force  is  ap- 
plied at  the  sides;  work  is  done  at  the  ends. 

2.  Put  the  fulcrum  as  close  to  the  weight  as 


3.  Put  the  fulcrum  between  the  weight  and 
the  force.  Pushing  down  on  one  end  of  the 
lever  pushes  up  on  the  other. 

4.  You.  Short  end.  (The  heavier  child  should 
be  nearer  the  middle.  The  nearer  he  is  to  the 
fulcrum,  the  easier  it  is  to  lift  him.) 

How  do  we  use  inclined  planes? 
(Pages  78-81) 

Concepts 

1.  A weight  can  be  pushed  or  pulled  up  an 
inclined  plane  more  easily  than  it  can  be  lifted. 

2.  A wedge  is  two  inclined  planes  joined 
together. 

3.  A screw  is  an  inclined  plane  that  winds 
around  as  it  climbs. 

Experiments  and  observations 

Pages  78-79:  To  show  how  an  inclined  plane 
makes  work  easier. 

Materials:  Two  smooth  boards — one  about 
four  feet  long  and  six  inches  wide,  the  other 
eight  feet  long — strong  cord,  large  book  or 
other  weight,  books,  spring  balance,  table. 

Page  81 : To  show  that  a screw  is  an  inclined 
plane. 

Materials:  Square  piece  of  paper,  scissors,, 
pencil. 

Procedure 

This  problem  combines  the  inclined  plane, 
the  wedge,  and  the  screw  and  shows  how  they 
are  alike.  The  experiment  described  and  illus- 
trated on  pages  78-79  will  be  a very  good  in- 
troduction. Let  the  pupils  read  the  directions 
carefully,  assemble  the  materials,  perform  the 
experiment,  and  try  to  answer  the  questions  in 
the  text.  In  doing  this  experiment  they  should 
read  the  spring  balance  after  the  book  has 
begun  to  move,  because  more  force  is  used  in 
starting  to  move  the  book.  To  make  sure  that 
pupils  understand  the  meaning  of  the  words 
inclined  and  plane , let  them  read  the  explana- 
tion of  these  terms  on  page  78.  After  they  have 
read  the  text  and  performed  the  experiment, 
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the  pupils  may  discuss  the  pictures  on  page  78 
by  telling  how  these  inclined  planes  make  the 
work  easier.  Then  have  them  suggest  places 
where  they  have  seen  other  inclined  planes 
being  used.  The  first  paragraph  on  page  80 
suggests  some  places  the  pupils  may  not  think 
of. 

A simple  wedge  made  of  wood  like  the  one 
pictured  on  page  80  (upper  left)  will  help 
pupils  see  that  a wedge  is  really  two  inclined 
planes  put  together.  Ask  the  pupils  to  bring 
examples  of  wedges  to  class.  Then  page  80  may 
be  read  and  discussed  along  with  the  wedges 
that  have  been  collected. 

Introduce  the  section  on  screws  by  having 
the  pupils  perform  the  demonstration  pictured 
on  page  81.  Each  child  should  do  this  for  him- 
self to  make  the  idea  clearer.  After  the  dem- 
onstrations, let  the  pupils  read  page  81. 

Questions  (Page  81) 

1.  By  setting  up  an  inclined  plane  and 
showing  with  a spring  balance  the  actual 
number  of  pounds  of  force  each  way  uses. 

2.  Ramp  up  which  people,  cars,  or  cattle  can 
be  moved  more  easily  than  if  they  have  to  be 
lifted.  Planks  from  ground  to  truck  floor  on 
which  boxes,  barrels,  or  heavy  furniture  can 
be  pushed  instead  of  lifted.  Track  along  which 
automobiles  can  be  driven  into  auto-carriers 
instead  of  lifted.  Jack  used  to  lift  automobiles. 
Sloping  trail  or  road  along  which  it  is  easier 
to  climb  a hillside  than  to  go  straight  up. 

3.  Wedge;  each  side  is  an  inclined  plane. 
Screw;  it  is  an  inclined  plane  wound  around 
in  a spiral. 

4.  Lever  and  inclined  plane  (wedge). 

How  do  we  use  pulleys?  (Pages  82-87) 

Concepts 

1.  A fixed  pulley  can  be  used  to  change  the 
direction  of  a force. 

2.  A movable  pulley  can  be  used  to  increase 
the  force. 

3.  Pulleys  can  be  combined  in  a block  and 
tackle.  The  more  movable  pulleys  that  are  used, 
the  easier  it  is  to  move  the  weight. 
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Experiments 

Page  82:  To  make  a fixed  pulley. 

Materials:  Strong  spool,  large  nail,  three 
small  pieces  of  wood,  screw  eye. 

Pages  82-83:  To  show  how  a fixed  pulley  is 
used. 

Materials:  Pulley,  strong  cord,  weight  (pail 
or  basket  filled  with  sand,  stones,  etc.),  spring 
balance,  hook  or  nail. 

Page  85:  To  show  how  a movable  pulley  is 
used. 

Materials:  Pulley,  strong  cord,  weight  (pail 
or  basket  filled  with  sand,  stones,  etc.),  spring 
balance,  hook  or  nail. 

Page  86:  To  show  how  a block  and  tackle 
makes  work  easier. 

Materials:  Two  pulleys,  two  pulley  blocks, 
each  with  two  wheels,  strong  cord,  spring  bal- 
ance, weight. 

Information  for  the  teacher 

Picture.  Page  87.  The  lifeboat  is  being  lifted 
by  a block  and  tackle.  This  enables  the  men  to 
lift  the  heavy  boat  higher  than  their  heads. 

Text.  Pulleys  may  be  brought  from  home 
by  the  pupils  or  may  be  bought  at  the  ten-cent 
store.  The  pupils  can  also  easily  make  one  by 
following  the  directions  given  on  page  82.  If 
a home-made  pulley  is  used  in  the  experiments, 
be  sure  that  it  is  made  strong  enough  to  avoid 
accident. 

With  fixed  pulleys,  things  can  be  moved  to 
places  otherwise  impossible  or  difficult  to  reach. 
For  example,  a man  down  in  a pit  could  lift 
materials  to  the  top  without  having  to  climb 
out  of  the  pit.  But  there  is  no  mechanical  ad- 
vantage in  using  a fixed  pulley,  that  is,  the 
force  required  is  not  lessened.  ( Mechanical  ad- 
vantage means  the  ratio  of  the  force  produced 
by  a machine  to  the  force  applied  to  it.)  With 
the  fixed  pulley,  the  weight  and  the  force 
needed  to  lift  it  are  equal;  and  the  force  and 
the  weight  move  an  equal  distance.  (The  me- 
chanical advantage  is  1.)  It  is  easier  to  pull 
down  than  to  lift  up.  In  pulling,  a person  has 
the  weight  of  his  body  to  help  him. 


With  a movable  pulley,  a mechanical  ad- 
vantage is  obtained.  The  force  needed  to  lift 
the  weight  is  less  than  the  weight,  but  the 
force  moves  farther  than  the  weight.  Less  force 
is  needed,  but  the  force  has  to  move  through 
a greater  distance  than  without  the  pulley. 
When  several  movable  pulleys  are  used  to- 
gether in  a pulley  block,  the  work  becomes  still 
easier.  The  more  strands  of  rope  that  support 
the  weight,  the  more  easily  the  weight  is  lifted, 
that  is,  the  greater  the  mechanical  advantage. 

Procedure 

In  preparation  for  this  problem,  ask  some 
interested  pupils  to  make  the  pulley  pictured 
on  page  82.  Several  pupils  can  make  such  pul- 
leys and  use  them. 

This  section  may  be  introduced  by  discussing 
this  question:  “How  do  you  think  our  world 
would  be  different  if  the  wheel  had  never  been 
invented?”  Following  this  discussion,  the  first 
three  paragraphs  on  page  82  may  be  read.  The 
pupils  may  then  use  the  pulley  that  they  have 
made  to  do  the  experiment  described  in  the 
next  four  paragraphs.  Let  as  many  pupils  as 
possible  do  the  experiment  with  the  pulley  so 
that  they  can  notice  how  the  pulley  makes  the 
work  easier. 

Have  the  class  read  the  rest  of  page  83  and 
all  of  page  84.  After  page  84  is  read,  have  the 
pupils  suggest  additional  places  where  they 
have  seen  pulleys  used.  Write  a statement  on 
the  board  that  tells  how  fixed  pulleys  help  us. 
Be  sure  that  the  pupils  realize  that  they  have 
used  only  one  type  of  pulley — the  fixed  pulley, 
that  is,  a pulley  that  does  not  move. 

As  with  levers,  the  problem  on  pulleys  should 
be  divided  into  two  lessons.  The  second  lesson 
is  devoted  to  a study  of  the  movable  pulley. 
Begin  the  study  by  having  the  class  do  the 
experiments  pictured  on  pages  85  and  86.  After 
the  results  have  been  discussed,  let  the  pupils 
read  pages  86-87.  The  last  paragraph  on  page 
87  gives  the  essential  understandings  for  this 
problem  on  pulleys.  Ask  pupils  to  show,  in  as 
many  ways  as  they  can,  that  they  really  under- 
stand these  ideas. 


Questions  (Page  87) 

1.  Change  the  direction  of  the  force;  increase 
the  force. 

2.  By  using  a single  movable  pulley. 

3.  Several.  The  more  pulleys  there  are,  the 
easier  it  is  to  lift  the  weight. 

4.  Fixed  pulley:  Does  not  increase  force  but 
changes  the  direction  of  force;  makes  our  work 
easier;  is  fastened  in  one  place.  Movable  pulley: 
Moves  with  the  weight;  lifts  a heavier  weight 
with  a smaller  force.  Pulley  bloc\:  Several  pul- 
ley wheels  set  side  by  side  in  one  frame;  used 
to  lift  heavy  weights;  more  pulley  wheels  re- 
quire less  force.  Block  and  tackle:  Two  pulley 
blocks  and  the  rope  that  runs  over  their  wheels; 
used  in  lifting  such  weights  as  pianos,  boats, 
elevators,  and  extremely  heavy  weights. 

5.  Moving  heavy  objects,  such  as  furniture, 
cars,  machinery,  etc.;  in  window  frames;  for 
clotheslines  strung  high  up,  etc. 

How  do  we  use  a wheel  and  axle? 
(Pages  88-90) 

Concept 

When  a big  wheel  is  fastened  to  a small  axle, 
a little  force  on  the  wheel  will  move  a heavy 
weight  attached  to  the  axle. 

Experiment 

Page  88:  To  make  a wheel-and-axle  machine 
and  to  show  how  it  works. 

Materials:  Board  one  inch  thick  and  six 
inches  wide,  saw,  auger,  cardboard,  nails,  tacks, 
three  pieces  of  wood  for  frame,  cord,  clamp, 
weight,  spring  balance. 

Information  for  the  teacher 

Picture.  Page  90.  Right.  In  the  crane  on  the 
tow  truck,  the  crank  at  the  side  of  the  truck  is 
the  wheel;  and  the  larger  wheel  around  which 
the  chain  travels  is  the  axle. 

Procedure 

In  preparation  for  this  problem,  the  pupils 
should  make  a wheel  and  axle.  Let  the  pupils 
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read  page  88,  then  perform  the  experiment  and 
discuss  the  result.  After  this,  ask  the  pupils 
to  name  other  wheels  and  axles  in  the  school- 
room. Probably  no  one  will  think  to  name  the 
doorknob.  Let  pupils  read  pages  89-90.  Have 
them  take  the  doorknob  apart,  as  suggested, 
to  see  how  it  operates.  Page  89  gives  the  essen- 
tial concept  to  be  understood  about  the  wheel 
and  axle — a small  force  produces  a larger  force. 
Use  the  pictures  on  pages  89-90  to  suggest  fur- 
ther uses  for  the  wheel  and  axle. 

Questions  (Page  90) 

1.  The  axle  in  a pulley  is  not  attached  to  the 
wheel  and  so  does  not  turn  with  the  wheel. 

2.  On  the  wheel.  The  wheel  turns  the  axle, 
which  does  the  work. 

3.  You  turn  the  wheel  (the  knob),  which 
turns  the  axle  and  does  the  work. 

4.  So  that  just  a slight  turn  on  the  wheel 
will  turn  the  rod  with  more  force. 

How  can  one  wheel  turn  another 
wheel?  (Pages  91-92) 

Concepts 

1.  One  wheel  can  be  made  to  turn  another 
wheel  by  connecting  them  with  a belt. 

2.  One  wheel  can  be  made  to  turn  another 
wheel  by  fitting  them  together  as  gears. 

3.  A big  wheel  turning  slowly  will  make  a 
little  wheel  turn  rapidly. 

Information  for  the  teacher 

The  teeth  of  a gearwheel  are  also  called 
sprockets.  Gearwheels  on  a bicycle  are  often 
referred  to  as  sprocket  wheels. 

More  than  two  gears  working  together  are 
known  as  a train  of  gears.  (Picture,  page  92.) 

Procedure 

In  preparation  for  this  problem,  ask  pupils 
to  describe  any  places  where  they  have  seen 
one  wheel  turn  another.  Bring  a bicycle  into 
the  schoolroom  so  they  can  see  how  one  wheel 
I turns  another.  Have  them  examine  an  egg 
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beater  to  see  how  wheels  turn  at  different 
speeds.  Then  read  and  discuss  pages  91-92. 

Questions  (Page  92) 

1.  Faster.  Egg  beater. 

2.  Slower.  Sewing  machine. 

3.  Belt,  gears. 

4.  Gearwheels  prevent  slipping  because  the 
teeth  fit  into  each  other. 

5.  This  number  will  vary,  depending  on 
how  the  bicycle  is  geared.  A high-gear  bicycle 
has  a large  front  sprocket  wheel  and  a small 
rear  sprocket  wheel,  thus  giving  a great  in- 
crease in  speed  and  distance.  A low-gear  bicycle 
has  a smaller  front  sprocket  wheel  and  a larger 
rear  sprocket  wheel;  though,  of  course,  the 
front  is  still  larger  than  the  rear.  This  arrange- 
ment gives  less  increase  in  speed  and  distance, 
but  less  force  is  required  in  going  up  hills.  The 
rear  wheel  may  go  around  five  times,  three 
and  one-half  times,  two  and  one-half  times,  etc., 
depending  on  the  kind  of  bicycle. 

How  can  we  make  machines  work 
better?  (Pages  93-97) 

Concepts 

1.  Friction  results  when  two  things  rub 
against  each  other. 

2.  Friction  wastes  energy  and  thus  requires 
extra  force. 

3.  Friction  is  reduced  by  making  surfaces  as 
smooth  as  possible. 

4.  Friction  causes  materials  to  wear  out  and 
to  become  very  hot. 

5.  Friction  is  reduced  by  using  oil,  grease, 
wheels,  rollers,  and  ball  bearings. 

6.  Friction  sometimes  helps  machines  work 
better. 

Experiments  and  observations 

Page  93:  To  show  that  friction  is  reduced 
by  smooth  surfaces. 

Materials:  Two  rough  boards,  two  smooth 
boards. 

Page  94:  To  show  that  oil  or  grease  reduces 
friction. 


Materials:  Two  flat  pieces  of  metal;  oil  or 
grease. 

Page  94:  To  show  that  friction  makes  heat. 

Material:  Penny  (or  other  coin). 

Page  95:  To  show  that  wheels  or  other  rollers 
cut  down  friction. 

Materials:  Small  box,  sand,  stones  or  other 
weights,  toy  wagon,  one  dozen  round  pencils, 
round  metal  balls  or  shot. 

Information  for  the  teacher 

Friction  may  be  defined  as  the  rubbing  of 
one  surface  against  another,  or  the  resistance 
to  motion  of  surfaces  that  touch  each  other. 
The  amount  of  friction  is  independent  of  the 
areas  of  contact  but  is  proportional  to  the  force 
pressing  the  surfaces  together.  For  example,  it 
takes  the  same  force  to  draw  a brick  across  a 
level  surface  when  the  brick  is  on  its  side  as 
when  it  is  on  end.  But  the  friction  will  be 
doubled  if  another  brick  of  the  same  weight  is 
placed  on  top  of  the  first  one. 

For  further  information  about  friction,  see  a 
good  general  science  text  or  a book  such  as 
Physics  Tells  Why  (see  Bibliography). 

Procedure 

This  problem  may  be  introduced  by  refer- 
ring the  pupils  to  the  last  sentence  on  page  85 
and  asking  them  whether  they  can  figure  out 
what  this  sentence  means.  Ask  them  if  they 
can  explain  this  statement:  “Some  of  the  force 
that  is  used  in  a machine  is  always  wasted.” 
From  the  discussion  that  follows,  the  problem 
of  friction  and  what  it  is  and  does  will  probably 
be  raised.  Ask  pupils  to  give  examples  of  fric- 
tion and  tell  how  they  can  reduce  it.  (Rubbing 
hands  together,  shoes  on  floor,  etc.)  Then  have 
them  do  the  experiments  described  on  pages  93 
and  94.  Pupils  are  now  ready  to  read  from  page 
93  to  the  end  of  the  first  complete  paragraph  on 
page  95.  After  the  reading,  pupils  may  use  the 
picture  on  page  94  as  a basis  for  discussing 
what  they  have  read. 

The  pictures  on  page  95  will  raise  the  ques- 
tion of  using  wheels  or  rollers  to  reduce  fric- 


tion. As  an  introduction  to  this  concept,  have 
the  children  do  the  experiment  described  on 
page  95.  After  this  experiment  has  been  per- 
formed, the  rest  of  the  problem  may  be  read 
and  discussed. 

Questions  (Page  97) 

1.  Friction  causes  parts  to  wear  out  more 
quickly,  requires  more  force,  wastes  energy  by 
changing  it  to  heat. 

2.  Keep  surfaces  smooth  so  that  they  slide 
easily.  Use  oil  and  grease  to  keep  surfaces  apart. 
Use  wheels,  rollers,  and  balls  to  make  surfaces 
roll  instead  of  sliding  over  each  other. 

3.  To  make  the  piece  of  furniture  easier  to 
move  by  reducing  friction. 

4.  Heat  is  caused  by  the  friction  between 
the  axles  and  the  bearings.  If  the  oil  leaks  out 
or  is  used  up,  a “hotbox”  results. 

How  can  we  use  machines  safely? 
(Pages  97-99) 

Concept 

Machines  can  be  dangerous  and  must  be  used 
carefully. 

Information  for  the  teacher 

Safety  councils,  departments  of  labor,  the 
Red  Cross  Society,  and  the  Junior  Red  Cross 
Society  have  material  on  safety  with  machines 
that  can  be  used  in  connection  with  this  prob- 
lem. Magazine  and  newspaper  articles  fre- 
quently stress  safety  with  machines. 

Procedure 

This  problem  on  safety  is  very  important.  It 
is  effective  only  if  the  knowledge  is  translated 
into  intelligent  action  on  the  part  of  pupils. 
First  have  them  read  pages  97-99  and  then 
discuss  the  ten  rules  on  page  99.  Each  child 
should  be  able  to  tell  why  he  should  observe 
the  rule  (putting  away  skates,  using  a knife, 
opening  a can,  etc.) . In  order  to  make  the  ideas 
real,  ask  pupils  to  watch  newspapers  for  ac- 
counts of  accidents.  If  the  cause  of  the  accident 
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is  indicated,  have  the  pupils  tell  which  of  the 
safety  rules  was  not  followed.  These  rules 
should  continue  to  be  emphasized  after  the 
unit  is  finished. 

Questions  (Page  99) 

1.  Answers  might  include  getting  hands  too 
near  gearwheels;  using  knives  carelessly;  leav- 
ing machines  out  of  place;  etc. 

2-3.  Answers  individual. 

Questions  to  answer  (Page  100) 

1.  Post-hole  digger:  Lever;  wheel  and  axle. 
Sailboat:  Wheel-and-axle  machine  for  steering; 
pulleys  to  help  move  sails.  Fixed  pulleys:  Lift- 
ing a heavy  object  with  a small  force;  changing 
the  direction  of  the  force.  Large  dec\screw: 
Increasing  force  so  that  one  man  could  lift  up 
a freight  car. 

2.  Inclined  plane,  lever,  wedge.  Pulley, 
wheel-and-axle  machine. 

3.  A fixed  pulley  stays  in  one  place  and  only 
changes  the  direction  of  the  pull,  without  re- 
ducing the  force  needed;  a movable  pulley 
moves  with  the  weight  and  makes  it  possible 
to  lift  the  weight  with  less  force. 

4.  Wedge.  Lever.  Inclined  plane.  Pulley. 

5.  Examples:  Pulley  on  windows  and  shades 
to  raise  and  lower  them;  pulley  on  globe  to 


raise  and  lower  it;  wheel-and-axle  machine  on 
doorknob;  etc. 

6.  The  part  where  the  axle  is  supported  as 
it  turns.  Friction  at  this  part  will  cause  heat, 
wear,  and  loss  of  force. 

7.  Answers  might  include:  Friction  should 
be  kept  as  small  as  possible.  In  each  simple 
machine , there  are  only  a few  parts  (or  all 
machines  are  made  up  of  simple  machines  put 
together).  The  support  of  a lever  is  the  ful- 
crum. Belts  are  one  way  of  making  one  wheel 
turn  another.  Gearwheels  are  used  to  keep 
wheels  from  slipping  on  each  other  as  they 
turn.  Ball  bearings  help  to  reduce  friction  when 
one  part  of  a machine  turns  on  another. 

8.  Some  machines  would  not  work  without 
friction.  Driving  on  snow  with  skid  chains, 
putting  “friction”  tape  on  a baseball  bat,  etc. 

9.  Much  more  primitive. 

Things  to  do  (Pages  100-101) 

1.  Pupils  may  look  at  carpenter’s  tools, 
kitchen  utensils  including  egg  beaters  and 
wall-type  can  openers,  and  many  other  tools 
using  one  or  more  simple  machines. 

2.  Answers  individual. 

3.  Many  magazine  and  newspaper  articles 
and  advertisements  show  machines. 

4-6.  Individual  or  class  activity. 


UNIT 


How  Do  Heating  and  Cooling  Change  Materials? 


Purpose  and  scope 

In  this  unit  as  in  the  previous  one,  there  are 
again  many  examples  in  the  immediate  envi- 
ronment of  the  pupils  that  illustrate  the  science 
principles.  Through  a study  of  this  unit,  pupils 
will  become  more  aware  of  the  effect  of  heating 
and  cooling  on  the  solids,  liquids,  and  gases 
that  they  encounter  each  day.  For  many  pupils, 
the  ideas  in  this  unit  are  quite  new.  They  prob- 


ably have  observed  examples  but  never  thought 
enough  about  them  to  be  genuinely  curious. 
The  unit  should,  therefore,  increase  interest  in 
this  phase  of  science. 

A study  of  how  some  home  heating  systems 
operate  forms  an  important  part  of  the  unit, 
and  there  should  be  ample  opportunity  for  pu- 
pils to  observe  them  first-hand.  If  new  build- 
ings are  being  erected  near  the  school,  the  in- 
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stallation  of  the  heating  units  will  interest  the 
pupils. 

The  science  principles  taught  in  this  unit 
are  necessary  for  an  adequate  understanding 
of  later  units  of  the  series  such  as  Discovering 
Our  World , Boo\  Three , Units  2 and  3. 

Science  background 

All  Around  Us:  Unit  3,  Sun,  Wind,  and 
Weather 

Discovering  Our  World,  Boo\  One:  Unit  2, 
Why  Do  All  Living  Things  Need  Air  and 
Water?  Unit  5,  What  Can  We  See  in  the  Sky 
at  Night? 

Discovering  Our  World,  Boo\  Two:  Unit  2, 
What  Makes  Things  Move? 

General  concepts 

1.  Heating  makes  solids,  liquids,  and  gases 
expand,  or  get  larger. 

2.  Cooling  makes  solids,  liquids,  and  gases 
contract,  or  get  smaller. 

3.  When  liquids  or  gases  expand,  they  be- 
come lighter. 

4.  Heating  melts  some  solids. 

5.  Heating  makes  some  liquids  change  to 
gases. 

6.  Liquids  change  to  gases,  or  evaporate,  at 
less  than  boiling  temperatures. 

7.  Gases  change  to  liquids,  or  condense, 
when  they  are  cooled. 

8.  Hot  water  and  hot  air  are  used  to  heat 
houses. 

Introducing  the  unit  (Page  103) 

Information  for  the  teacher 

The  picture  on  page  102  shows  a steel  works 
where  molten  iron  is  being  taken  from  cupolas, 
or  small  blast  furnaces,  where  it  has  been  puri- 
fied. Materials  will  now  be  added  to  convert  it 
into  steel. 

Procedure 

The  incident  described  in  the  introductory 
section  may  be  used  to  introduce  the  unit. 


After  it  has  been  read,  ask  pupils  to  see  if  they 
can  explain  what  happened.  Such  a discussion 
will  lead  directly  into  the  first  problem,  and  to 
the  experiment  pictured  on  page  104. 

How  do  heating  and  cooling  change 
the  size  of  solids?  (Pages  103-106) 

Concepts 

1.  Heating  makes  most  solids  expand,  or  get 
larger. 

2.  Cooling  makes  most  solids  contract,  or  get 
smaller. 

3.  In  many  common  uses  of  solids,  allowance 
is  made  for  expansion  and  contraction. 

Experiments 

Pages  103-104:  To  find  out  what  heat  does 
to  solids. 

Materials:  Copper  or  iron  wire  about  three 
feet  long,  two  supports,  small  stone  or  weight, 
source  of  heat  (alcohol  lamp  or  bunsen  burner 
if  possible). 

Page  104:  To  find  out  what  heat  does  to  a 
solid. 

Materials:  Strip  of  metal,  nails,  board, 
source  of  heat. 

Information  for  the  teacher 

Pictures.  Page  104.  Home-made  supports, 
such  as  shown  in  the  picture,  or  ring  stands 
may  be  used  for  this  experiment. 

Page  105.  The  apparatus  for  this  ball  and  ring 
experiment  can  be  purchased  from  a scientific 
supply  company  if  desired.  (See  page  249.) 

Text.  In  the  experiment  with  the  strip  of 
metal  nailed  to  the  board,  the  metal  strips  will 
get  longer  and  buckle  on  the  board  to  which 
they  are  nailed. 

Telephone  wires  are  not  stretched  tightly 
because  in  cold  weather  they  contract  and 
would  be  likely  to  break. 

Procedure 

Have  the  pupils  perform  the  experiments  on 
pages  103-104  and  let  them  offer  their  explana- 
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tions.  If  the  ball  and  ring  pictured  on  page 
105  are  not  available,  use  the  pictures  instead 
and  ask  pupils  to  explain  what  is  happening 
and  to  tell  why  they  think  it  is  happening. 

After  these  experiments  have  been  performed, 
ask  pupils  to  make  a general  statement  describ- 
ing what  they  have  learned  about  the  problem. 
Write  this  statement  on  the  board.  Then  ask 
pupils  to  try  to  think  of  other  places  where 
they  have  seen  that  heat  causes  solids  to  expand 
and  cooling  causes  them  to  contract.  After 
their  examples  have  been  given,  they  may  read 
the  problem  to  find  other  examples  and  to  find 
additional  information  that  they  themselves 
had  not  discovered.  The  pictures  on  pages  103 
and  106  show  common  examples  of  the  science 
principles.  Ask  pupils  to  identify  them.  See  also 
Things  to  Do,  page  123,  No.  2. 

Questions  (Page  106) 

1.  So  that  they  will  leave  room  for  changes 
in  size  when  building  or  working  with  solids. 

2.  Contract  means  get  smaller;  expand,  get 
larger. 

3.  No,  because  the  iron  frames  will  contract 
when  they  get  cold. 

4.  No,  they  should  let  the  wires  sag,  because 
in  cold  weather  the  wires  will  contract  and 
may  break. 

5.  The  concrete  would  expand  and  crack. 

What  happens  to  liquids  when  they  are 
heated  or  cooled?  (Pages  107-109) 

Concepts 

1.  Heating  makes  most  liquids  expand. 

2.  Cooling  makes  most  liquids  contract. 

3.  When  liquids  expand,  they  become 
lighter. 

4.  Warm  water  is  pushed  upward  by  the 
colder,  heavier  water,  which  sinks. 

Experiments 

Pages  107-108:  To  find  out  what  happens  to  a 
liquid  when  it  is  heated  and  cooled. 

Materials:  Test  tube,  rubber  or  cork  stopper 
with  hole,  glass  tubing  about  one  foot  long 


that  fits  hole  in  cork,  red  ink,  clamp  or  test- 
tube  holder,  source  of  heat,  tape  or  label. 

Page  108:  To  show  what  happens  to  liquids 
when  they  expand. 

Materials:  Glass  jar,  coarse  sawdust,  source 
of  heat. 

Information  for  the  teacher 

Pictures.  Page  109.  This  same  principle  is 
applied  to  other  types  of  water  heaters  that  the 
pupils  may  have  in  their  homes.  Sometimes  a 
storage  tank  is  connected  with  a kitchen  stove. 
The  water  is  heated  by  a coil  of  pipes  or  a 
water  front  (similar  to  the  coils  in  the  picture 
on  page  109).  In  many  buildings,  heating  coils 
are  placed  in  the  fire  boxes  of  furnaces.  These 
coils  are  connected  with  a storage  tank.  Both 
of  these  types  of  water  heaters  have  the  disad- 
vantage of  being  able  to  supply  hot  water  only 
when  a fire  is  burning  in  the  stove  or  furnace. 

Text.  Page  107.  The  red  or  blue  liquid  in 
such  thermometers  is  alcohol. 

To  prevent  accidents  the  teacher  should  set 
up  the  equipment  for  the  experiment.  To  put 
the  glass  tubing  into  the  stopper,  wet  both  the 
tube  and  the  stopper.  Twist  the  tube  gently 
into  the  hole  in  the  stopper.  It  is  a good  plan 
to  hold  the  tubing  with  a cloth  or  towel  to 
prevent  cutting  the  hands  if  the  tubing  should 
break. 

Page  108.  The  liquid  rises  in  the  thermometer 
because  the  warmth  of  your  finger  on  the  bulb 
makes  the  liquid  in  it  expand. 

The  teakettle  will  boil  over  because  the  water 
expands  when  it  is  heated. 

When  the  tomato  juice  cooled,  it  contracted 
so  that  the  jars  were  no  longer  full  to  the  top. 

Procedure 

Ask  pupils  to  tell  what  they  think  the  answer 
to  the  new  problem  is.  Then  ask  them  if  they 
are  sure.  If  they  answer  “yes,”  ask  them  how 
they  can  be  sure.  Pupils  are  likely  to  assume 
that  the  answer  to  this  problem  is  the  same  as 
that  for  the  previous  one.  But  when  they  are 
asked  to  be  certain,  they  should  realize  that 
they  cannot  be  sure  by  guessing,  that  they  must 
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produce  evidence.  In  this  case,  the  evidence 
comes  from  reading  and  experimenting. 

Have  the  pupils  perform  the  experiment  pic- 
tured on  page  107.  Then  ask  them  to  tell  what 
the  experiment  shows.  They  should  say  that  it 
shows  that  heating  causes  liquids  to  expand  and 
cooling  causes  them  to  contract.  It  shows  that 
this  is  true  only  for  the  liquid  used,  water.  In 
order  to  be  sure  about  other  liquids,  they  need 
either  to  experiment  further,  or  read  or  both. 

After  pupils  have  read  to  the  next-to-the-last 
paragraph  on  page  108,  they  are  ready  to  learn 
another  important  thing  about  heating  and 
cooling  liquids.  The  experiment  pictured  on 
page  108  helps  to  explain  this  idea.  After  per- 
forming the  experiment,  pupils  should  try  to 
explain  why  the  water  circulates.  Then  they 
should  read  the  text  to  check  their  explanation, 
which  will  probably  be  incomplete. 

After  they  understand  what  the  experiment 
shows,  ask  them  if  they  know  of  any  place  at 
home  where  this  same  principle  operates.  If 
they  have  a hot-water  heater  at  home,  ask  them 
to  find  out  how  it  works.  Use  the  diagram  on 
page  109  to  help  them  understand.  Ask  various 
pupils  to  give  a complete  explanation  of  the 
diagram. 

Questions  (Page  109) 

1.  It  expands  when  heated  and  contracts 
when  cooled. 

2.  The  cold  water  on  the  side  not  being 
heated  is  heavier  than  the  warmer  water.  It 
sinks  to  the  bottom  and  pushes  the  warmer 
water  up,  thus  causing  a current. 

3.  The  water  will  run  out  of  the  radiator, 
because  there  is  no  room  for  it  to  expand. 

4.  No.  When  it  is  heated,  the  water  will 
expand  and  run  over. 

How  is  hot  water  used  to  heat  a house? 
(Pages  110-111) 

Concept 

Hot  water  can  be  used  to  heat  houses. 

Information  for  the  teacher 

Picture.  Page  110.  The  expansion  tank  in 


the  attic  is  a safety  device.  If  water  were  heated 
in  a closed  hot-water  system  full  of  water,  ex- 
pansion of  the  water  would  burst  some  part 
of  the  system.  The  expansion  tank  placed  above 
the  highest  radiator  prevents  this  kind  of  acci- 
dent and  yet  allows  the  pipes  to  be  full  of  water. 
The  tank  may  overflow  onto  the  roof  or  into 
a pipe  that  carries  the  water  down  to  a drain  in 
the  basement.  The  currents  of  hot  water  in  the 
heating  system  are  convection  currents. 

Procedure 

The  diagram  on  page  110  shows  how  hot 
water  may  be  used  to  heat  a home.  Let  the 
pupils  study  the  picture  carefully,  read  the  text, 
and  then  use  the  four  questions  on  page  111 
as  a guide  for  discussion.  If  it  is  possible  to  ex- 
amine a hot-water  heating  system,  that  expe- 
rience will  be  very  helpful  in  understanding 
the  idea  and  in  making  it  real. 

Questions  (Page  111) 

1.  Cold  water  is  heavier  than  the  same 
amount  of  warm  water.  The  cold  water  sinks 
down  through  the  pipes  to  the  furnace  and 
pushes  the  warm  water  up  to  the  radiators. 

2.  Part  of  the  hot  water  from  the  furnace 
turns  off  and  goes  to  the  radiators  on  the  first 
floor,  returning  from  there  to  the  furnace.  The 
rest  of  the  hot  water  continues  on  up  to  the 
next  floor  into  the  radiators  there. 

3.  The  tank  allows  for  the  expansion  of  the 
water  when  it  is  heated.  (Pupils  should  recall 
the  experiment  on  page  107.) 

4.  The  hot-water  pipes  are  connected  to  the 
top.  The  cold-water  pipes  are  connected  to  the 
bottom.  Cold  water  sinks  and  pushes  the 
lighter,  warmer  water  up  into  the  radiators. 

How  do  heating  and  cooling  change 
gases?  (Pages  111-115) 

Concepts 

1.  When  gases  are  heated,  they  expand. 

2.  When  gases  are  cooled,  they  contract. 

3.  When  gases  expand,  they  become  lighter. 

4.  Warm  air  is  pushed  upward  by  colder, 
heavier  air,  which  sinks. 
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Experiment 

Pages  111-112:  To  show  that  air  expands 
when  it  is  heated  and  contracts  when  cooled. 

Materials:  Toy  rubber  balloon,  bottle  with  a 
small  mouth,  pan,  water,  source  of  heat,  ice 
or  other  means  of  cooling. 

Page  112:  To  show  that  air  expands  when 
heated  and  contracts  when  cooled. 

Materials  : Small-mouthed  bottle,  ice  or 
other  means  of  cooling,  glass,  water,  source 
of  heat. 

Page  113:  To  show  that  air  has  weight. 

Materials:  Basketball  or  volleyball,  pair  of 
scales,  bicycle  pump. 

Pages  113-114:  To  show  how  air  currents  are 
caused. 

Materials:  Wooden  box,  piece  of  glass  that 
will  cover  open  side  of  box,  two  lamp  chimneys, 
small  candle,  matches,  splinters  of  wood  or 
rolls  of  paper,  small  piece  of  cardboard. 

Procedure 

The  same  procedure  described  for  the  two 
similar  problems  dealing  with  solids  and  liq- 
uids may  be  used  here;  that  is,  experimenting 
first,  drawing  such  conclusions  as  are  possible 
from  the  experiments,  and  then,  after  each  ex- 
periment, reading  the  text  for  additional  infor- 
mation and  to  check  the  conclusions. 

If  a pair  of  scales  such  as  those  shown  in  the 
picture  on  page  113  is  not  available,  make  a 
simple  balance  with  a slender  stick  and  support 
it  with  a string  tied  to  the  middle.  In  the  experi- 
ment pictured  on  page  114,  be  sure  that  care 
is  exercised  with  the  candle  and  burning 
splinter  to  prevent  fire  or  burns. 

Questions  (Page  115) 

1.  The  air  in  the  tire  will  expand  on  a hot 
day  and  cause  so  much  pressure  that  if  the 
tire  is  old  and  not  very  strong,  it  will  blow  out. 

2.  ( a ) expand;  ( b ) contract;  (c)  heavier. 

3.  Softer.  The  air  inside  will  contract  as  it 
cools. 

4.  Expand  when  heated;  contract  when 
cooled. 


How  does  a hot-air  furnace  heat  a 
house?  (Pages  116-117) 

Concept 

Hot  air  can  be  used  to  heat  a house. 
Experiments 

Page  117:  To  find  out  whether  air  is 
warmer  near  the  ceiling  in  a room. 

Materials:  Two  thermometers. 

Page  117:  To  show  how  air  currents  move  in 
a room. 

Materials  : Window  pole,  strips  of  paper. 

Information  for  the  teacher 

Picture.  Page  116.  In  the  hot-air  heating 
system,  currents  of  air  are  created  in  the  same 
way  that  they  are  in  the  hot-water  system. 
These  currents  of  air  are  also  convection  cur- 
rents. 

Procedure 

In  this  problem,  the  pupils  are  ready  to  apply 
the  ideas  that  they  have  learned  about  heating 
and  cooling  gases.  The  three  numbered  items 
on  page  113  should  be  recalled  and  written  on 
the  board.  The  pupils  should  study  the  diagram 
of  the  house  on  page  116  and  the  room  on  page 
117,  perform  the  experiment  suggested  on  page 
117,  and  then  try  to  explain  how  the  hot-air 
furnace  heats  the  house.  Encourage  pupils  to 
observe  their  home  heating  system  to  see 
whether  it  is  like  this.  See  also  Things  to  Do , 
page  123,  Nos.  7 and  8. 

Questions  (Page  117) 

1.  Air  heated  in  the  furnace  expands  and  be- 
comes lighter.  Heavier,  colder  air  sinks  and 
pushes  the  warmer  air  up  into  the  rooms. 

2.  The  colder,  heavier  air  in  the  rooms  sinks 
down  through  the  cold-air  registers  to  a pipe 
that  leads  to  the  bottom  of  the  furnace.  The 
warm  air,  which  has  been  heated  by  the  fur- 
nace, is  pushed  up  through  the  warm-air  pipe, 
out  through  the  hot-air  registers  into  the  rooms 
and  up  to  the  ceilings.  As  the  air  cools  and  be- 
comes heavier,  it  sinks  down  again  into  the 
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cold-air  register  and  pipe  and  back  to  the  fur- 
nace to  be  heated. 

3.  Open  the  windows  both  top  and  bottom 
so  that  a current  of  moving  air  is  started.  The 
cool  air  comes  in  the  bottom,  pushing  the 
warm  air  out  at  the  top. 

How  are  solids  changed  to  liquids? 
(Pages  118-119) 

Concepts 

1.  Different  solids  melt  at  different  tempera- 
tures. 

2.  The  temperature  at  which  a solid  melts 
is  called  its  melting  point. 

3.  The  ability  to  melt  metals  enables  us  to 
mold  them  into  shapes  and  to  mix  metals  to- 
gether to  make  more  useful  materials  from 
them. 

Experiments 

Page  118:  To  observe  that  different  solids 
have  different  melting  points. 

Materials:  Iron  pan,  butter,  paraffin,  lead, 
aluminum,  source  of  heat. 

Page  118:  To  find  the  melting  point  of  ice. 

Materials:  Ice,  pan,  thermometer. 

Information  for  the  teacher 

Pictures.  Page  118.  The  ice  will  melt  first, 
next  paraffin,  then  lead. 

Page  119.  This  picture  may  be  used  also  to 
review  the  pupils’  knowledge  of  simple  ma- 
chines by  asking  what  kind  of  machine  is  be- 
ing used  to  tip  the  bucket  of  molten  aluminum. 
It  may  recall  also  what  they  learned  about  the 
change  of  color  of  metals  when  heated,  in 
Discovering  Our  World , Boo\  One , Unit  5. 

Text.  A high-school  physics  or  chemistry 
book  will  give  a table  of  melting  points  if  the 
teacher  wants  one  for  reference. 

The  Fahrenheit  scale  is  one  commonly  used 
on  thermometers  in  this  country.  Scientists  use 
thermometers  with  the  Centigrade  scale. 

Anything  made  by  pouring  it  into  a mold 
and  allowing  it  to  harden  is  called  a cast  or  a 
casting.  Making  something  in  this  way  is  called 


casting.  Many  of  the  metal  parts  of  the  seats 
in  the  schoolroom  are  castings. 

Mixtures  of  metals  are  called  alloys.  The 
children  should  recall  the  alnico  magnet  in 
Discovering  Our  World , Boo\  One,  Unit  6. 

Procedure 

Pupils  have  had  experiences  such  as  melting 
butter,  paraffin,  etc.,  that  will  help  them  to 
answer  this  problem.  The  idea  that  a solid  has 
a melting  point  is,  however,  new  to  them.  Have 
the  pupils  do  the  experiments  on  page  118  and 
draw  their  own  conclusion.  After  the  pupils 
have  read  the  problem,  suggest  that  they  try  to 
find  pictures  and  examples  of  how  we  mold 
materials  into  things  that  we  need  and  use. 

Questions  (Page  119) 

1.  The  temperature  at  which  a solid  be- 
comes a liquid. 

2.  So  that  they  may  be  easily  molded  into 
useful  shapes  or  mixed  to  form  more  useful 
materials. 

3.  The  melting  point  of  lead  is  too  low. 
Lead  pans  would  melt  when  food  is  cooked. 

4.  To  make  them  more  useful  (harder,  rust- 
resistant,  etc.). 

How  are  liquids  changed  to  gases? 
(Pages  120-121) 

Concepts 

1.  When  a liquid  boils,  it  changes  to  a gas. 

2.  Different  liquids  boil  at  different  tem- 
peratures. 

3.  The  temperature  at  which  a liquid  boils 
is  called  its  boiling  point. 

4.  A liquid  does  not  get  any  hotter  than  its 
boiling  point. 

Experiments 

Pages  120-121 : To  show  that  heat  makes  a 
liquid  evaporate  faster. 

Materials:  Two  pans  just  alike,  water, 
source  of  heat. 

Page  121 : To  show  that  some  liquids  evapo- 
rate faster  than  others. 
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Materials:  Two  saucers  exactly  alike,  water, 
alcohol. 

Information  for  the  teacher 

A high-school  physics  or  chemistry  book  will 
give  a table  of  boiling  points  if  the  teacher 
wants  one  for  reference. 

Procedure 

Have  the  pupils  recall  experiences  in  which 
they  saw  liquids  “disappear”  (change  to  a gas) . 
Recall  information  acquired  in  earlier  science 
study,  as  in  Discovering  Our  World , Boo\  One , 
Unit  2.  Then  have  the  children  read  and  dis- 
cuss page  120  except  for  the  last  paragraph. 
Use  the  picture  on  page  121  to  illustrate  a prac- 
tical use  of  evaporation. 

Now  have  the  pupils  do  the  experiments  at 
the  end  of  the  problem.  The  first  experiment 
uses  a control  (the  unheated  pan  of  water). 
The  children  should  understand  why  the  con- 
trol is  used.  If  alcohol  and  gasoline  are  used 
in  the  second  experiment,  be  sure  that  no  open 
flame  is  brought  near  them. 

Questions  (Page  121) 

1.  No.  Water  boils  at  a temperature  of 
212°F.,  alcohol  at  172°F. 

2.  Change  from  a liquid  into  a gas. 

3.  No.  By  keeping  the  gas  or  electric  current 
turned  up  just  high  enough  to  make  the  water 
boil. 

4.  The  heat  from  the  sun  makes  the  water 
evaporate  faster. 

How  is  water  vapor  changed  to  liquid 
water?  (Page  122) 

Concepts 

1.  Gases  change  to  liquids,  or  condense, 
when  they  are  cooled. 

2.  Water  vapor  in  the  air  condenses  if  the 
air  is  cooled  enough. 

Procedure 

This  problem  has  probably  been  solved  earlier 
in  the  science  experience  and  needs  only  to  be 


reviewed  here.  Pupils  should  recall  experiences 
with  condensation  in  earlier  study,  as  in  Dis- 
covering Our  World , Boo\  One , Unit  2.  Actual 
experience  of  watching  a boiling  teakettle  and 
holding  a cold  plate  above  the  spout  will  help 
to  make  the  concepts  real.  If  the  pupils  examine 
a boiling  teakettle,  caution  them  to  keep  their 
fingers  away  from  the  scalding  steam. 

Questions  (Page  122) 

1.  Change  from  a gas  to  a liquid. 

2.  It  must  be  cooled  enough. 

3.  No.  Steam  is  water  vapor,  an  invisible 
gas. 

Questions  to  answer  (Page  123) 

1.  The  heat  will  cause  the  glass  to  expand. 
The  inside,  which  is  heated  more  quickly,  will 
expand  first,  causing  the  outside  to  crack  and 
pull  away.  Avoid  pouring  very  hot  water  on 
glassware. 

2.  The  carbon-dioxide  gas  expands  as  it  is 
heated  and  pushes  the  dough  out. 

3.  Warm  air  from  a radiator  or  register  is 
pushed  up  to  the  ceiling,  carrying  with  it  dirt 
from  the  floor  and  other  parts  of  the  room. 

4.  Steam  is  a very  hot  gas.  Smoke  is  mostly 
a mixture  of  hot  air  and  other  gases.  These  hot 
gases  are  usually  lighter  than  the  air  around 
them.  So  they  are  pushed  up  by  heavier,  cooler 
air,  which  sinks. 

5.  The  air  in  the  house  contains  water  vapor. 
When  this  air  strikes  the  cold  windowpane, 
the  air  is  cooled  and  the  water  vapor  con- 
denses on  the  window.  The  water  comes  from 
the  water  vapor,  which  condenses. 

6.  The  metal  rims  expand  when  heated. 
When  they  cool,  they  contract  and  fit  the 
wheels  tightly. 

7.  Heat  the  neck  of  the  bottle  to  expand  it 
but  be  careful  not  to  heat  the  stopper,  too. 

8.  The  warmest  water  will  be  on  top,  and 
the  coldest  water  on  the  bottom.  The  cold 
water  is  heavier.  It  sinks  and  pushes  warm 
water  up.  Also,  the  sun  heats  the  water  on  top 
and  that  water  stays  on  top,  because  it  is  lighter 
than  the  colder  water  below. 
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9.  Your  breath  contains  water  vapor.  When 
you  breathe  out  on  a cold  day,  the  water  vapor 
condenses  when  it  hits  the  cold  air.  Then  you 
can  “see  your  breath.”  On  a warm  day  the 
water  vapor  does  not  condense. 

Things  to  do  (Page  123) 

1.  Dry  ice  is  carbon  dioxide  in  solid  form. 
Its  temperature  is  about  110°  F.  below  zero. 

2.  At  red  heat,  rivets  are  soft  and  expanded. 
When  put  into  the  holes  in  the  beams  and 
hammered,  they  are  spread  out  to  form  a head 
at  each  end.  When  they  cool,  they  contract  and 
hold  the  beams  tightly  together. 

3.  Such  items  as  kitchen  utensils,  glass,  lead 
wire,  or  “sinkers,”  objects  that  are  soldered, 
coins,  jewellery,  candles. 

4.  Water  expands  when  it  freezes.  Fill  a 
bottle  with  water.  Put  a cork  in  the  bottle 


and  wire  the  cork  on.  Put  the  bottle  in  the 
freezing  compartment  of  a refrigerator  or  set 
it  outdoors  on  a night  when  the  temperature  is 
freezing.  Look  at  the  bottle  the  next  day.  The 
bottle  will  be  cracked  by  the  force  of  the  water 
expanding  as  it  froze. 

5.  Most  liquids  contract  when  they  “freeze,” 
but  water  expands  when  it  freezes.  (Melted 
copper  and  type  metal  are  liquids  which  also 
expand  when  they  cool  and  harden.) 

6.  Antifreeze  can  be  obtained  at  service  sta- 
tions, garages,  and  hardware  stores. 

7.  Arrows  should  show  current  rising  at 
stove,  falling  at  points  farthest  from  it,  and 
pushing  toward  it  near  the  floor. 

8.  Because  warm  air  around  register,  stove, 
or  radiator  is  lighter  and  so  is  pushed  upward 
by  heavier,  cooler  air. 

9.  See  a dictionary  or  encyclopedia. 


Things  Made  Oj? 


Purpose  and  scope 
The  concepts  in  this  unit  will  be  entirely 
new  to  most  of  the  pupils.  However,  experience 
indicates  that  the  children  are  greatly  inter- 
ested in  learning  about  materials.  As  the  con- 
cepts are  here  developed,  they  are  very  easily 
understood.  Many  of  the  concepts  are  essen- 
tial in  later  science  work;  for  example,  an  un- 
derstanding of  chemical  change  is  required  as 
background  for  later  units  of  this  book  and  also 
for  Units  3,  4,  and  5 of  Discovering  Our 
World,  Bool{  Three.  All  of  the  ideas  are  val- 
uable in  interpreting  things  that  happen  in  the 
pupils’  environments. 

Science  background 
Discovering  Our  World,  Boof{  One:  Unit 
2,  Why  Do  All  Living  Things  Need  Air  and 
Water?  Unit  3,  How  Does  Your  Body  Work? 
Unit  7,  How  Can  You  Keep  Well? 


Discovering  Our  World,  Boo\  Two:  Unit  1, 
How  Do  Living  Things  Help  and  Harm  Each 
Other?  Unit  2,  What  Makes  Things  Move? 

General  concepts 

1.  Every  material  has  characteristics  by 
which  we  tell  what  kind  of  material  it  is. 

2.  The  use  made  of  a material  depends  on 
its  characteristics. 

3.  Physical  change  is  a change  of  character- 
istics without  making  a new  material. 

4.  Chemical  change  is  a change  of  character- 
istics in  which  a new  material  is  produced. 

5.  Everything  is  made  of  elements. 

6.  Elements  join  together,  or  combine,  in 
chemical  change  to  make  compounds. 

7.  We  use  chemical  changes  to  produce  new 
materials  and  to  produce  heat. 

8.  Harmful  chemical  changes  can  be  pre- 
vented. 
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Introducing  the  unit  (Pages  125-126) 

Ask  each  pupil  to  take  one  thing  from  his 
pocket  or  desk  and  place  it  before  the  class. 
Then  the  pupils  should  be  asked  what  they 
think  these  things  are  made  of.  After  discus- 
sion, the  pupils  may  read  the  introduction. 
Then  ask  why  they  do  not  believe  as  people 
did  2000  years  ago. 

How  are  materials  different  from  each 
other?  (Pages  126-129) 

Concepts 

1.  Every  kind  of  material  has  characteris- 
tics by  which  we  tell  what  kind  of  material 
it  is. 

2.  The  use  made  of  a material  depends  on 
its  characteristics. 

3.  Acid  turns  blue  litmus  paper  red;  this  is 
a test  for  acid. 

Observations  and  experiments 

Page  126:  To  observe  the  characteristics  of 
materials. 

Materials:  Materials  of  different  kinds  col- 
lected by  pupils. 

Page  128:  To  show  that  litmus  paper  is  an 
acid  indicator. 

Materials:  Litmus  paper,  vinegar,  lemon, 
baking  soda. 

Information  for  the  teacher 

Pictures.  Page  127.  The  materials  in  the  pic- 
ture are  potato,  sugar,  onion,  wax  (candle), 
copper  (candle  holder),  rubber  bands,  pencil, 
nails,  soap,  glass,  and  water.  The  pupils  may 
list  such  characteristics  as:  potato — a solid  with 
a smooth  covering,  white  inside;  sugar — hard, 
rough  material,  white  in  color,  sweet  in  taste, 
will  dissolve  in  water,  etc. 

Page  128.  The  acid  in  the  vinegar  made  the 
blue  litmus  paper  turn  red. 

Page  129.  Test  these  materials  with  litmus 
paper.  Place  the  litmus  paper  against  the  cut 
surface  of  the  fruits  to  moisten  the  paper.  The 
vinegar,  lemon,  root  beer,  and  tomato  should 
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show  acid.  Litmus  paper  may  be  bought  at  a 
drug  store.  It  may  be  either  red  or  blue.  Acids 
make  blue  litmus  turn  red.  Alkalis  turn  red 
paper  blue.  The  baking  soda  in  water  would 
turn  red  paper  blue.  It  does  not  have  acid  in  it. 
It  is  alkaline.  The  paper  may  be  used  over  and 
over  when  it  is  dried. 

Procedure 

As  an  introduction  to  the  problem,  ask  the 
pupils  how  the  materials  collected  by  the  class 
are  different  from  each  other.  After  the  discus- 
sion, pupils  should  read  the  problem  over  to 
the  end  of  the  first  paragraph  on  page  128. 
Then  let  pupils  tell  the  characteristics  of  the 
different  materials  they  have  been  looking  at. 
Also  have  them  select  various  things  in  the 
room  and  tell  what  characteristics  these  things 
have  that  make  them  useful  for  the  purpose 
which  they  serve. 

If  litmus  paper  is  available,  the  experiment 
described  in  the  picture  and  text  on  page  128 
should  be  performed.  Pupils  may  wish  to  bring 
some  of  the  things  pictured  on  page  129  and 
test  them  with  litmus  paper.  After  this,  have 
them  read  the  rest  of  the  problem  for  addi- 
tional information.  The  safety  rules  on  page 
129  should  then  be  discussed. 

Questions  (Page  129) 

1.  Strong,  does  not  melt  or  burn  easily,  can 
be  molded  into  shapes. 

2.  Cut  the  oranges  and  apples  and  apply 
blue  litmus  paper  against  the  cut  surface.  If 
the  litmus  paper  turns  red,  there  is  acid  in 
them. 

3.  Stiff;  easy  to  cut,  carve,  put  together; 
lasts  a long  time;  attractive. 

4.  Cellophane  is  stronger,  more  waterproof, 
and  more  transparent  than  tissue  paper. 

How  can  we  change  the  characteristics 
of  materials?  (Pages  130-133) 

Concepts 

1.  Physical  change  is  a change  of  character- 
istics without  making  a new  material. 


a ) Changing  a material  from  solid  to 

liquid  or  liquid  to  gas  does  not  change  it 

chemically;  it  is  still  the  same  material. 

b)  Dissolving  a material  does  not  change 

it  chemically;  it  is  still  the  same  material. 

2.  Chemical  change  is  a change  of  character- 
istics in  which  an  entirely  new  material  is  pro- 
duced. 

Experiments  and  observations 

Pages  130-131 : To  show  chemical  change  by 
burning  sugar. 

Materials:  Test  tube,  or  metal  lid  from  a 
jar  or  can,  sugar,  test-tube  holder,  source  of 
heat. 

Page  132:  To  show  chemical  change  by 
burning  wood. 

Materials:  Splinter  of  wood,  metal  pan, 
matches. 

Pages  132-133:  To  show  chemical  change  in 
starch. 

Materials:  Piece  of  bread  or  cracker. 

Information  for  the  teacher 

Pictures.  Page  132.  The  chemical  change  in- 
volved in  burning  the  leaves  and  the  one  in- 
volved in  the  changing  of  the  green  leaves  to 
the  autumn  colored  ones  are  shown. 

When  wood  and  other  materials  burn,  a 
chemical  change  takes  place.  Oxygen  from  the 
air  combines  with  carbon  and  hydrogen  in 
the  burning  material  and  makes  compounds. 
The  carbon  in  the  wood  combines  with  the 
oxygen  and  escapes  as  carbon  dioxide.  Oxygen 
and  hydrogen  also  combine  to  form  water, 
which  escapes  as  water  vapor.  Mineral  mate- 
rials are  left  in  the  form  of  ash.  The  chemistry 
of  burning  is  treated  in  more  detail  in  the 
next  unit  of  this  book. 

Procedure 

Ask  pupils  to  indicate  how  they  have  ever 
changed  the  characteristics  of  a material.  Then 
ask  them  to  observe  carefully  while  they  see 
two  changes  made — a match  is  broken  into 
two  pieces,  another  is  burned.  How  are  these 
changes  alike?  How  are  they  different?  This 


will  lead  to  a discussion  of  the  two  kinds  of 
changes.  Let  pupils  read  down  to  the  experi- 
ment with  sugar  on  page  130.  Be  sure  that  they 
understand  the  meaning  of  physical  change 
before  they  go  on  to  a study  of  chemical 
change . 

Now  have  them  perform  the  experiment 
with  sugar  and  try  to  decide  what  has  hap- 
pened. Then  let  them  read  the  text  as  far  as 
the  last  paragraph  on  page  131.  After  a dis- 
cussion of  the  meaning  of  chemical  change,  ask 
the  pupils  to  contrast  the  picture  on  page  130 
with  the  one  on  page  131  to  review  the  differ- 
ence between  chemical  change  and  physical 
change.  Then  pupils  should  list  chemical 
changes  that  they  see  taking  place  around  them 
every  day.  Then  the  remainder  of  the  text 
should  be  read  to  find  additional  examples. 
In  the  experiment  with  bread  or  a cracker 
on  page  132,  have  the  pupils  recall  that  saliva 
helps  digest  food.  ( Discovering  Our  World , 
Boo\  One , Unit  3.) 

Questions  (Page  133) 

1.  A chemical  change  changes  the  mate- 
rial to  a new  one;  it  makes  a new  material 
with  different  characteristics.  A physical 
change  takes  place  when  a material  changes  in 
form  or  shape  but  does  not  change  into  a new 
material.  Chemical  change : heating  sugar. 
Physical  change:  dissolving  sugar. 

2.  No.  The  potatoes  change  in  appearance 
but  not  in  characteristics.  They  are  the  same 
material  as  before. 

3.  In  burning  a piece  of  wood,  you  are 
changing  the  wood  into  a different  material. 
In  melting  iron,  you  are  only  changing  the 
form  of  the  material. 

4.  Change  them  into  different  materials 
with  different  characteristics. 

5.  Wood:  stiff,  light  color,  definite  size. 
Wood  ashes:  soft,  crumbly,  of  a gray  or  black 
color,  smaller  than  the  original  piece  of  wood. 
(The  ashes  are  only  part  of  the  material  in  the 
wood.) 

6.  Same : size  and  shape.  Different:  color; 
materials  inside  the  leaf. 
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7.  Help  keep  us  alive;  they  take  place  in 
our  bodies  constantly;  change  food  into  blood, 
bones,  etc. 


What  are  elements?  (Pages  133-135) 

Concepts 

Everything  in  the  world  is  made  of  elements. 

a)  An  element  is  the  simplest  kind  of  ma- 
terial; it  is  made  only  of  itself,  not  two  things 
put  together. 

b ) There  are  98  known  elements. 

c)  Some  elements  are  solids;  some  are  liq- 
uids; some  are  gases. 

Observation 

Page  134:  To  observe  different  elements. 
Materials:  Objects  of  iron,  gold,  copper, 
lead,  silver,  sulphur,  and  other  elements. 


Information  for  the  teacher 


A list  of  the  elements  may  be  found  in  any 
high-school  chemistry  book.  Six  new  elements 
have  been  discovered  in  the  last  few  years, 
raising  the  number  of  known  elements  from 
92  to  98.  The  new  ones  are  neptunium,  plu- 
tonium, americium,  curium,  berkelium,  and 
californium. 

Text.  Page  135.  The  elements  in  the  mate- 
rials mentioned  in  the  last  paragraph  are: 

Material  Elements 


Water 

Carbon  dioxide 

Salt 

Sugar 

Washing  soda 
Alcohol 
Baking  soda 


Hydrogen,  oxygen 
Carbon,  oxygen 
Sodium,  chlorine 
Carbon,  hydrogen,  oxygen 
Sodium,  carbon,  oxygen 
Hydrogen,  oxygen,  carbon 
Sodium,  hydrogen,  carbon, 
oxygen 


Procedure 

The  pupils  are  ready  to  consider  the  problem 
of  what  elements  are.  As  an  introduction,  let 
the  pupils  read  the  two  paragraphs  on  page  133 
and  then  ask  them  whether  they  can  name  any 
elements.  Write  the  names  on  the  board  and 
check  the  list  later.  Then  have  the  pupils  read 


and  discuss  page  134.  They  may  wish  to  make 
an  exhibit  of  elements  as  indicated  in  the  text. 
A large  number  of  elements  can  be  collected 
by  the  pupils  at  home,  at  school,  or  at  the 
local  drug  store. 

The  first  paragraph  on  page  135  gives  a 
definition  of  an  element.  Be  sure  that  pupils 
understand  clearly  the  meaning  of  this  term. 
The  last  paragraph  presents  the  idea  of  how 
elements  are  used.  After  the  pupils  have  read 
this  page,  ask  them  to  tell  what  they  think 
happened  when  the  sugar  was  heated  in  the 
experiment  on  page  130.  See  also  Things  to  Do, 
page  147,  Nos.  1 and  2. 

Questions  (Page  135) 

1.  An  element  is  made  only  of  itself,  has  no 
other  material  in  it,  and  is  the  simplest  kind  of 
material. 

2.  They  are  colorless  gases. 

3.  Ninety-eight. 

4.  A material  is  not  an  element  when  it  can 
be  divided  or  broken  down  into  two  or  more 
materials.  Examples:  water,  sugar,  salt,  alco- 
hol, air,  etc. 

5.  Answers  may  include  aluminum,  iron, 
copper,  lead,  gold,  silver,  zinc,  nickel,  sulphur, 
carbon,  tungsten,  etc. 

How  are  elements  joined  together? 
(Pages  135-139) 

Concepts 

1.  Elements  join  together,  or  combine,  in 
chemical  change  to  make  compounds. 

2.  When  a compound  is  made,  the  elements 
do  not  merely  mix  but  combine  and  make  an 
entirely  new  material. 

3.  There  are  a large  number  of  compounds 
in  the  world. 

Experiment 

Pages  136-137:  To  show  the  difference  be- 
tween a mixture  and  a compound. 

Materials  : Powdered  sulphur,  powdered 
iron,  beaker  or  dish,  magnet,  test  tube,  water, 
source  of  heat. 
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Procedure 

Ask  the  pupils  to  read  page  135  to  find  out 
what  happened  when  sugar  was  heated.  Then 
write  the  definition  of  a compound  on  the 
board  and  refer  to  it  later  in  the  problem.  Then 
have  the  pupils  read  and  discuss  page  136  ex- 
cept the  last  paragraph.  Stress  the  meaning  of 
the  word  combined  and  also  the  fact  that  after 
elements  are  combined,  the  new  material  has 
new  and  different  characteristics. 

The  next  four  paragraphs  describe  the  experi- 
ment pictured  on  pages  136-137.  In  the  ex- 
periment, exact  amounts  of  the  element  iron 
and  sulphur  must  be  used,  and  they  must  be 
heated  very  hot  before  they  will  unite.  They 
must  become  so  hot  that  they  glow.  The  teacher 
is  cautioned  to  use  fine  iron  filings  or  pow- 
dered iron  but  not  reduced  powdered  iron. 
It  is  dangerous  to  heat  reduced  powdered 
iron.  The  material  formed  in  the  experiment 
is  called  iron  sulphide,  a compound  of  iron 
and  sulphur.  Break  the  test  tube  by  putting 
it  into  cold  water. 

Have  the  pupils  perform  the  experiment  and 
draw  their  own  conclusions.  Again  stress  the 
fact  that  the  elements  must  be  combined  to 
form  a compound  and  that  the  compound 
formed  possesses  new  characteristics.  Now  have 
the  pupils  read  and  discuss  the  remainder  of 
the  problem.  The  pictures  at  the  bottom  of 
page  139  will  be  helpful  in  summarizing  the 
idea  of  chemical  change.  They  introduce  the 
idea  of  explaining  chemical  change  through 
the  use  of  a formula.  Let  the  pupils  make  up 
other  pictures  like  this  from  their  reading.  See 
also  Things  to  Do,  page  147,  Nos.  6,  7,  and  8. 

Questions  (Page  139) 

1.  (d). 

2.  A compound  is  a material  made  of  two 
or  more  elements  that  have  combined. 

3.  Pupils  may  list  burning,  heating  of  sugar, 
rusting,  tarnishing,  etc.  “.  . . an  entirely  differ- 
ent material  is  formed  in  each  change.” 

4.  When  two  materials  are  mixed  together, 
each  material  keeps  its  own  characteristics. 


When  two  materials  combine,  they  form  a new 
material,  lose  their  old  characteristics,  and  take 
on  new  ones.  Experiment  such  as  the  one  with 
sulphur  and  iron,  pages  136-137. 

5.  Yes.  Test  sweet  milk  and  sour  milk  with 
blue  litmus  paper.  Only  sour  milk,  which  is 
acid,  turns  the  litmus  paper  red. 

How  do  we  use  chemical  changes? 
(Pages  140-142) 

Concept 

We  use  chemical  changes  to  produce  new 
materials  and  to  produce  heat. 

Information  for  the  teacher 

Pictures.  Page  140.  The  materials  for  mak- 
ing glass  are  carefully  weighed  to  obtain  the 
correct  proportions.  The  element  silicon  in  sand 
is  the  chief  ingredient  in  glass.  The  other  ma- 
terials added  to  the  sand  in  the  making  of  glass 
depend  on  the  kind  of  glass  to  be  made.  Addi- 
tional information  about  glass  may  be  obtained 
from  encylopedias  or  manufacturers. 

Page  141.  The  man  in  the  centre  picture  is 
examining  the  pulp  to  see  whether  the  proper 
chemical  changes  are  taking  place  and  whether 
it  is  ready  to  proceed  to  the  next  stage.  More 
information  about  paper  may  be  obtained  from 
encyclopedias  or  manufacturers. 

Page  142.  Left.  The  making  of  nylon  bristles 
for  paint  brushes  is  a complicated  process,  be- 
cause the  bristle  must  be  tapered  in  order  to 
make  the  brush  bend  properly  and  spread  the 
paint  well.  Right.  The  windows  are  a shatter- 
proof plastic  glazing  made  of  cellulose  acetate. 

An  excellent  pamphlet  on  plastics  and  their 
uses  has  been  prepared  by  the  American  Asso- 
ciation of  School  Administrators  and  may  be 
obtained  from  this  organization  at  1201  16th 
Street,  N.W.,  Washington  6,  D.C.,  U.S.A. 

Procedure 

Let  pupils  make  a list  of  all  the  ways  they 
can  think  of  in  which  we  use  chemical  changes. 
The  problem  should  then  be  read  and  more 
examples  added  to  the  list.  Encourage  the  pu- 
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pils  to  bring  to  school  pictures  from  news- 
papers and  magazines  that  illustrate  how  chem- 
ical changes  are  useful.  See  also  Things  to  Do, 
page  147,  Nos.  3 and  4. 

Questions  (Page  142) 

1.  Glass,  concrete,  plaster,  steel,  plastics. 

2.  Rayon,  nylon,  other  synthetic  fabrics. 

3.  Steel,  glass,  bricks,  plaster,  rubber,  leather, 
gasoline. 

4.  Because  the  cooked  food  often  has  very 
different  characteristics  from  the  original  ma- 
terials that  were  combined. 

How  can  we  prevent  harmful  chemical 
changes?  (Pages  143-145) 

Concepts 

Harmful  chemical  changes  can  be  prevented 
by 

a)  keeping  apart  the  elements  that  com- 
bine. 

b ) keeping  some  materials  dry. 

c)  keeping  some  materials  cool. 

d ) keeping  some  materials  out  of  the  light. 

Experiments 

Page  143:  To  show  that  moisture  brings 
about  rusting  of  iron. 

Materials:  Iron  nails  or  steel  wool,  two  dry 
dishes,  water. 

Pages  144-145:  To  produce  a chemical  change 
by  adding  water  to  baking  powder. 

Materials:  Baking  powder,  cup,  water. 

Information  for  the  teacher 

Text.  Page  145,  Column  2.  Peaches,  pears, 
apples,  grapes  (raisins),  meat  (dried  beef), 
fish  (dried  cod-fish  flakes),  eggs,  milk,  etc.,  are 
further  examples  of  foods  preserved  by  drying. 

Procedure 

Ask  the  pupils  to  suggest  ways  in  which  we 
can  prevent  harmful  chemical  changes.  Write 
these  ways  on  the  board.  Then  have  the  pupils 
use  the  pictures  and  read  the  text  to  find  addi- 
tional ways.  - & L'- 
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Questions  (Page  145) 

1.  By  covering  the  materials  in  such  a way 
that  oxygen  cannot  reach  them. 

2.  By  keeping  it  cold  and  by  drying  it. 

3.  Rusting,  because  it  makes  the  iron  and 
steel  unusable.  Spoiling  of  food,  because  it  may 
cause  illness  and  also  makes  the  food  unusable. 

Questions  to  answer  (Page  146) 

1.  School : Window  glass,  steel  in  seats. 
Mother:  Salt. 

2.  They  change  our  food  so  that  our  bodies 
can  use  it;  make  possible  many  materials  that 
are  useful;  cause  burning,  which  keeps  us 
warm  and  cooks  our  food,  etc. 

3.  Chemical,  because  a gas  is  formed  from 
the  baking  powder;  physical,  because  the  ex- 
panding gas  raises  the  cake. 

4.  No,  not  correctly. 

5.  No.  There  are  many  compounds  that  heat 
does  not  affect  chemically — Examples:  water, 
carbon  dioxide,  iron  oxide  (rust). 

6.  Yes.  The  ninety-eight  elements  combine 
in  countless  ways  to  form  different  compounds. 

7.  A chemical  change  takes  place  in  the  dye. 
A physical  change  may  take  place,  too.  The 
dye  may  be  dissolved  in  the  water  and  run  out 
of  the  cloth. 

8.  Children  may  tell  of  putting  out  fires, 
shutting  out  moisture,  keeping  food  in  the  ice- 
box, etc. 

9.  The  cattle  eat  the  food.  The  chemical 
change  in  digestion  changes  the  food  into  ma- 
terial that  the  cattle’s  bodies  can  use.  Other 
chemical  changes  change  the  food  into  meat 
that  we  later  use  for  food. 

10.  Moisture  may  cause  a chemical  change 
before  it  is  wanted. 

11.  No.  Some  of  the  characteristics  of  the 
sugar  remain.  Only  the  form  has  changed. 

Things  to  do  (Page  147) 

1.  An  encyclopedia  or  chemistry  book  will 
give  information. 

2.  Use  general  references,  encyclopedia,  etc. 

3.  Lists  will  vary. 


4.  Use  encyclopedia. 

5.  Might  include:  Follow  directions  exactly; 
work  carefully;  keep  materials  and  papers 
away  from  flame;  handle  glassware  and  flames 
with  care,  etc. 


6.  Use  Bibliography,  encyclopedia,  etc. 

7.  Just  mixed.  Keep  their  own  character- 
istics. 

8.  A mixture.  A sediment  on  the  bottom 
of  the  glass  and  other  materials  in  the  water. 


UNIT 


How  Do  We  Control  Fire? 


Purpose  and  scope 

The  concept  of  chemical  change  developed 
in  the  preceding  unit  is  here  applied  to  the 
principles  of  combustion.  After  studying  this 
unit,  pupils  should  understand  why  fire  is  both 
useful  and  dangerous.  They  should  also  be 
aware  of  the  need  for  fuel  conservation. 

In  many  respects,  this  is  one  of  the  most 
important  units  of  Book  Two  because  of  its 
emphasis  on  safety  with  fire.  Every  effort 
should  be  made  to  make  the  safety  rules  func- 
tional. The  teacher  should  refer  to  these  rules 
frequently  and  encourage  their  use  long  after 
the  actual  study  of  the  unit  is  over  so  as  to 
make  the  rules  part  of  the  pupils’  way  of 
reacting  to  their  environment. 

Science  background 

Discovering  Our  World , Boo\  One:  Unit  2, 
Why  Do  All  Living  Things  Need  Air  and 
Water?  Unit  3,  How  Does  Your  Body  Work? 

Discovering  Our  World , Boo\  Two:  Unit  2, 
What  Makes  Things  Move?  Unit  3,  How  Is 
Our  Work  Made  Easier?  Unit  4,  How  Do 
Heating  and  Cooling  Change  Materials?  Unit 
5,  What  Are  Things  Made  Of? 

General  concepts 

1.  To  make  a fire  and  keep  it  burning,  there 
must  be  three  things:  ( a ) a combustible  mate- 
rial, ( b ) enough  heat  to  raise  the  material  to  its 
kindling  temperature,  and  ( c ) a current  of 
fresh  air. 


2.  Heat  to  start  a fire  can  be  produced  by 
friction. 

3.  When  any  material  burns,  it  gives  off  heat 
and  light  and  becomes  smaller. 

4.  When  any  material  burns,  a chemical 
change  takes  place. 

5.  We  must  conserve  our  coal,  oil,  and  gas 
because  the  supply  will  not  last  forever,  and 
these  fuels  cannot  be  replaced. 

6.  Accidental  fires  can  be  avoided  by  pre- 
venting the  three  things  needed  for  burning 
from  coming  together. 

7.  Fires  can  be  put  out  by  removing  one  or 
more  of  the  three  things  needed  for  burning. 

Introducing  the  unit  (Pages  149-150) 

Information  for  the  teacher 

Picture.  Page  150.  The  handle  for  the 
damper  is  in  the  smoke  pipe  back  of  the 
furnace  and  does  not  show  in  the  picture. 

Procedure 

Have  the  pupils  discuss  the  meaning  of  the 
word  control  before  beginning  the  unit.  Some 
of  the  pupils  may  wish  to  tell  the  class  how  they 
have  seen  fires  controlled.  Then  let  the  pupils 
read  and  discuss  pages  149-150  to  find  different 
ways  that  are  used  to  control  fires.  Have  them 
compare  an  outdoor  fire  with  a fire  in  a fur- 
nace. If  possible,  the  school  engineer  should  be 
asked  to  show  pupils  how  he  builds  and  con- 
trols the  fire  in  the  school  furnace.  Pupils 
should  be  asked  to  examine  their  home  fur- 
naces for  the  same  purpose. 
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What  do  we  need  to  make  a fire? 
(Pages  151-153) 

Concepts 

1.  To  make  a fire,  there  must  be  three 
things:  ( a ) a combustible  material,  ( b ) enough 
heat  to  raise  the  material  to  its  kindling  tem- 
perature, and  ( c ) air  near  the  material. 

a)  Materials  that  burn  easily  have  a low 
kindling  temperature;  those  that  do  not  burn 
easily  have  a high  kindling  temperature. 

b ) In  building  a fire,  materials  with  a low 
kindling  temperature  are  laid  first  so  that  the 
fire  may  easily  be  started,  and  the  materials 
are  arranged  to  allow  air  to  get  to  them. 

2.  Heat  to  start  a fire  can  be  produced  by 
friction. 

3.  Matches  help  us  light  fires  easily,  but 
they  must  be  used  with  care. 

Procedure 

If  a safe  place  is  available  on  the  school 
grounds,  have  the  pupils  collect  materials  and 
actually  build  a fire.  Careful  supervision  is,  of 
course,  required.  Have  all  the  rules  given  in 
the  introduction  followed.  As  the  fire  is  built 
and  the  pupils  watch  it  burn,  they  can  observe 
and  discuss  the  steps  in  building,  when  each 
is  necessary,  and  what  materials  are  required. 
Then  have  the  pupils  read  pages  151-153  and 
compare  their  findings  with  the  information  in 
the  text.  Use  the  picture  on  page  151  to  illus- 
trate the  steps  in  fire  building.  See  also  Things 
to  Do,  page  175,  No.  5. 

Questions  (Page  153) 

1.  One  that  will  burn.  Leaves,  twigs,  wood, 
paper,  cloth,  coal,  gas,  oil. 

2.  Matches  have  a very  low  kindling  tem- 
perature. They  light  easily  when  rubbed  on  a 
rough  or  specially  prepared  surface. 

3.  The  temperature  to  which  a material 
must  be  heated  before  it  will  burst  into  flame. 

4.  Paper,  gasoline,  leaves,  wood  shavings, 
cloth. 

5.  Whirling  a hard,  pointed  stick  against  a 
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soft  piece  of  wood,  a piece  of  flint  struck  against 
steel,  matches.  Matches. 

What  do  fires  need  to  keep  them 
burning?  (Pages  154-155) 

Concepts 

1.  To  keep  a fire  burning,  it  must  have  a 
current  of  fresh  air. 

2.  Kerosene  lamps  and  gas  stoves  are  made 
so  that  a current  of  fresh  air  can  get  to  the 
burning  fuel. 

Experiment 

Page  154:  To  show  that  a fire  must  have  air 
to  keep  burning. 

Materials:  Three  small  candles  about  two 
inches  high,  lamp  chimney,  piece  of  glass,  pen- 
cils or  sticks,  splinter  of  wood  or  roll  of  paper. 

Procedure 

The  experiment  pictured  at  the  top  of  page 
154  will  help  make  clear  the  major  concept 
in  this  problem.  Be  sure  that  the  pupils  under- 
stand that  the  smoke  is  used  merely  as  a means 
to  show  how  the  air  moves.  After  performing 
this  experiment,  the  pupils  should  be  able  to 
state  the  four  things  needed  to  start  a fire  and 
keep  it  going.  (These  are  listed  on  page  155.) 
The  pictures  on  page  155  give  examples  of 
how  these  four  things  are  used.  Have  the  pupils 
recall  concepts  that  they  have  previously 
learned  which  help  them  understand  how  a 
fire  supplies  itself  with  fresh  air.  (See  pages 
113-114  of  the  text.)  See  also  Things  to  Do, 
page  175,  No.  1. 

Questions  (Page  155) 

1.  Combustible  material,  enough  heat  to 
raise  the  material  to  its  kindling  temperature, 
current  of  fresh  air. 

2.  Materials  with  a low  kindling  tempera- 
ture as  twigs,  leaves,  or  shavings,  are  laid  first 
so  that  the  fire  may  be  easily  started.  Materials 
with  higher  kindling  temperatures  are  put  on 
top.  All  materials  are  arranged  so  that  a cur- 
rent of  fresh  air  can  get  to  the  fire. 


3.  So  that  air  can  get  through  the  grate  to 
the  fire. 

4.  Yes.  Cold  air  around  it  pushes  warm  air 
up.  This  makes  a current  of  air. 

5.  The  space  around  wood  shavings  lets  air 
get  to  them.  Sawdust  is  closely  packed,  and  the 
air  cannot  get  to  it  so  easily. 

6.  The  pages  are  close  together,  and  air  can- 
not get  to  them  easily.  The  best  way  to  burn 
it  would  be  to  open  it  or  tear  it  apart. 

What  happens  when  things  burn? 
(Pages  156460) 

Concepts 

1.  When  any  material  burns,  it  gives  off  heat 
and  light  and  becomes  smaller. 

2.  When  any  material  burns,  a chemical 
change  takes  place. 

a)  Carbon  contained  in  the  material  com- 
bines with  oxygen  to  form  carbon  dioxide,  a 
colorless  gas. 

b ) Hydrogen  contained  in  the  material 
combines  with  oxygen  to  form  water  vapor. 

c ) Any  minerals  in  the  material  are  left 
as  ashes. 

d ) If  there  is  not  enough  oxygen  to  com- 
bine with  the  carbon,  some  of  the  carbon  is 
given  off  as  smoke. 

Experiments 

Pages  157-158:  To  show  that  materials  need 
oxygen  in  order  to  burn. 

Materials:  Test  tube  or  small  bottle,  water, 
iron  filings  (or  steel  wool),  pan  with  low  sides, 
matches. 

Page  158:  To  show  what  happens  when  a 
candle  burns. 

Materials:  Paraffin  candle,  match,  plate. 
Page  159:  To  show  that  carbon  dioxide  is 
formed  when  a candle  burns. 

Materials  : Limewater,  glass,  glass  tubing 
or  soda  straw,  candle,  piece  of  wire,  match, 
two  glass  jars,  flat  piece  of  glass. 

Page  159:  To  show  that  water  is  formed 
when  a candle  burns. 

Materials:  Candle,  match,  glass  jar. 


Procedure 

In  preparation  for  this  problem,  pupils 
should  set  up  the  experiment  pictured  and  de- 
scribed on  page  157.  After  the  experiment  is 
set  up,  ask  them  to  recall  what  they  know  about 
iron  rusting.  (It  is  a chemical  change  in  which 
oxygen  combines  with  iron.) 

Before  the  pupils  examine  the  results  of  the 
experiment  pictured  and  described  on  page  157, 
ask  them  to  tell  everything  they  now  know 
about  what  happens  when  something  burns. 
Have  them  recall  what  they  learned  in  the 
preceding  unit.  After  this  discussion,  they 
should  read  to  the  last  paragraph  on  page  157 
and  list  the  things  that  happen  as  a fire  burns. 
Then  they  are  ready  to  examine  the  results  of 
the  experiment  and  draw  their  conclusions. 

The  next  experiment  described  in  the  second 
column  on  page  158  and  illustrated  on  that 
page  should  be  done  carefully.  Be  sure  that 
the  pupils  follow  the  directions  given  in  the 
text.  The  same  caution  applies  to  the  experi- 
ments on  page  159.  Pupils  should  understand 
that  limewater  is  used  to  test  for  carbon  diox- 
ide, just  as  blue  litmus  paper  is  used  to  test 
for  acids.  The  two  paragraphs  on  the  top  of 
page  160  summarize  the  essential  learnings. 

Questions  (Page  160) 

1.  Produces  heat  and  light;  gets  smaller; 
often  makes  smoke;  sometimes  disappears  or 
else  leaves  ash. 

2.  (Experiment,  page  157.)  Took  the  oxy- 
gen out  of  some  air;  tried  to  burn  a match  in 
this  air  and  then  in  ordinary  air  under  the 
same  conditions. 

3.  By  burning  a candle  in  a jar,  removing 
the  candle  and  pouring  in  limewater,  which 
appears  milky  when  carbon  dioxide  is  put 
into  it. 

4.  By  holding  a dry  jar  over  a candle,  allow- 
ing air  to  enter  at  the  bottom,  and  seeing  the 
moisture  collect  on  the  sides  of  the  jar. 

5.  Because  they  are  made  entirely  of  ele- 
ments that  will  combine  with  oxygen  to  form 
gases.  Oil,  kerosene,  gasoline,  gas. 
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6.  Materials  that  do  not  combine  with  oxy- 
gen. Paper,  cloth,  wood,  coal. 

How  can  we  conserve  our  fuels? 

(Pages  160-164) 

Concepts 

1.  We  must  conserve  our  coal,  oil,  and  gas, 
because  the  supply  will  not  last  forever  and 
these  fuels  cannot  be  replaced. 

2.  Fuels  may  be  conserved  by  using  them 
carefully. 

3.  Fuels  may  be  conserved  by  using  new 
kinds  of  fuels  or  other  sources  of  energy. 

Information  for  the  teacher 

Gas  from  the  earth  is  called  natural  gas.  It 
is  really  a mixture  of  four  gases:  methane, 
ethane,  propane,  and  butane.  The  largest  part 
is~  methane.  In  the  future,  gas  may  be  obtained 
from  coal  by  burning  it  under  ground.  The  gas 
will  be  piped  to  the  surface,  and  the  various 
products  of  coal  recovered  in  large  recovery 
plants.  This  will  enable  much  coal  to  be  recov- 
ered from  incompletely  worked  mines.  This 
method  has  been  successfully  used  in  this 
country. 

To  stretch  out  the  oil  supply,  deeper  drilling, 
better  processes  for  making  synthetic  fuels,  and 
more  efficient  use  of  fuel  must  be  developed. 

Material  on  fuel  resources  may  be  obtained 
from  the  Bituminous  Coal  Institute,  Southern 
Building,  Washington  5,  D.  C.  and  American 
Petroleum  Institute,  50  West  50th  Street,  New 
York  20,  N.Y.,  U.S.A. 

Procedure 

Have  the  pupils  look  at  the  picture  on  page 
161  and  give  their  answer  to  this  question: 
“What  do  you  think  is  wrong  in  this  picture?” 
From  the  preceding  problem,  they  should 
know  that  smoke  shows  that  all  of  the  fuel 
is  not  being  burned.  Then  ask  pupils  how  we 
can  conserve  fuels.  Write  the  pupils’  sugges- 
tions on  the  board  and  then  have  them  read 
pages  160-164.  The  pictures  on  page  162  and 
163  illustrate  ways  of  saving  fuel.  Ask  pupils 
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to  find  places  at  home,  at  school,  and  in  the 
community  where  fuel  can  be  saved  and  to 
learn  whether  it  is  being  done.  If  new  building 
is  going  on  near  the  school,  let  the  pupils 
observe  insulation  as  well  as  the  heating  plant. 

Questions  (Page  164) 

1.  Because  the  coal,  oil,  and  gas  taken  from 
the  earth  cannot  be  replaced. 

2.  ( a ) Keep  fires  from  smoking  so  that  we 
do  not  lose  fuel  in  escaping  carbon.  ( b ) Save 
heat  in  buildings  so  that  we  use  less  fuel. 
(c)  Save  heat  in  cooking  so  that  fuel  is  not 
wasted.  ( d ) Whenever  possible,  use  fuels  that 
are  being  replaced,  such  as  wood,  (e)  Use 
other  sources  of  energy,  such  as  moving  water 
and  electric  current. 

3.  Answer  depends  on  community.  If  the 
answer  is  yes,  smoke  will  probably  be  the  rea- 
son. 

4.  More  air  should  be  mixed  with  the  gas, 
because  the  fuel  is  not  getting  enough  oxygen 
to  burn  all  the  carbon. 

What  can  we  do  to  prevent  fires? 
(Pages  164-167) 

Concept 

Accidental  fires  can  be  avoided  by  preventing 
the  three  things  needed  for  burning  from  com- 
ing together. 

Information  for  the  teacher 

Pictures.  Page  165.  Put  water  on  it  and  cover 
it  with  dirt  or  sand. 

Page  166.  Rags,  papers,  and  other  combus- 
tible materials  should  never  be  piled  near  a 
furnace. 

Text.  Paragraph  four,  page  166,  describes 
spontaneous  combustion.  Spontaneous  combus- 
tion may  also  occur  in  new  hay  in  a barn  or 
grain  bin.  The  National  Bureau  of  Standards 
and  fire-prevention  agencies  prefer  the  term 
spontaneous  ignition  rather  than  spontaneous 
combustion,  since  self-lighting  rather  than  self- 
burning is  the  essential  part  of  the  process. 


For  a list  of  further  material  on  safety  with 
fire,  write  to  the  office  of  the  chief  of  the  fire 
department  in  your  city  or  to  your  provincial 
fire  marshall. 

Some  provincial  departments  of  conservation 
will  furnish  material  on  safety  with  outdoor 
fires,  and  will  give  the  local  and  regional  regula- 
tions. Tourist  bureaus  also  make  this  informa- 
tion available.  During  the  summer,  most  radio 
stations  carry  reports  of  fire  conditions  in  many 
areas. 

Procedure 

The  importance  of  this  problem  and  the 
next  one  cannot  be  overemphasized.  Stress  the 
fact  that  accidental  fires  can  be  prevented  by 
using  what  the  pupils  have  learned  about  burn- 
ing. Then  have  them  read  and  discuss  pages 
164-167.  Be  sure  that  the  pupils  examine  the 
pictures  on  pages  165  and  166.  Have  them  an- 
swer the  questions  under  the  pictures  to  review 
what  they  have  learned  about  fire  prevention. 
The  safety  rules  on  page  167  should  then  be 
studied,  and  each  individual  in  the  class  should 
decide  how  he  himself  can  best  use  them.  The 
rules  may  be  copied  and  taken  home  to  be 
used  by  the  whole  family. 

A fireman  from  the  local  department  may 
be  willing  to  talk  to  the  class  about  preventing 
fires,  as  suggested  in  Things  to  Do,  page  175, 
No.  7.  Other  interesting  activities  will  be  found 
on  the  same  page,  Nos.  3,  4,  8,  and  9. 

Questions  (Page  167) 

1.  By  keeping  them  from  starting. 

2.  Keep  the  things  needed  for  burning  from 
coming  together. 

3.  (1)  Matches  cause  many  accidental  fires. 
(2)  An  outdoor  fire  may  start  a much  bigger 
fire.  (3)  The  fire  may  blaze  up.  (4)  They  may 
cause  a sudden  blaze  or  explosion.  Paper  and 
wood  are  more  easily  controlled.  (5)  They  may 
easily  set  fire  to  objects  in  the  room.  (6)  They 
may  burst  into  flame  and  start  a fire. 

4.  Carelessness.  If  people  are  careful  with 
fires,  there  will  be  few  harmful  fires. 

5.  Answers  individual. 


How  can  we  put  out  fires? 

(Pages  168-173) 

Concepts 

1.  A fire  should  be  promptly  and  correctly 
reported  to  the  fire  department. 

2.  Fires  can  be  put  out  by  removing  one  or 
more  of  the  three  things  needed  for  burning. 
Experiment 

Page  172:  To  see  how  carbon-dioxide  gas 
puts  out  a fire. 

Materials  : Baking  soda,  vinegar,  glass, 
match. 

Information  for  the  teacher 

Pictures.  Page  168.  Most  city  alarm  boxes 
are  operated  as  shown  in  the  picture,  although 
many  are  opened  by  a handle  rather  than  a key. 

Page  169.  Fire  lanes  are  made  wide  enough  so 
that  the  fire  cannot  jump  across  them  unless 
there  is  an  extremely  strong  wind. 

Page  170.  The  water  cools  the  combustible 
materials  so  that  they  do  not  burn  completely. 
This  causes  some  of  the  material  to  go  off  as 
smoke. 

Page  171.  If  you  know  how  different  kinds 
of  fire  extinguishers  work,  you  will  be  able  to 
use  whatever  kind  is  at  hand  in  an  emergency. 
In  the  picture,  the  extinguisher  labelled  “carbon 
dioxide”  is  a small  tank  of  carbon-dioxide  gas. 
Carbon  tetrachloride  is  also  used  as  cleaning 
fluid.  The  soda-acid  extinguisher  is  the  type 
described  in  the  text  (page  172)  in  which  car- 
bon dioxide  is  formed  from  soda  and  acid. 
A foamite  extinguisher  is  a variation  of  a 
carbon-dioxide  extinguisher.  It  produces  a foam 
of  carbon-dioxide  bubbles.  These  bubbles  float 
on  the  gasoline  or  oil  and  keep  the  air  away. 
The  foam  is  made  by  mixing  a solution  of 
baking  soda  and  extract  of  licorice  root  with 
a solution  of  aluminum  sulphate.  The  carbon 
dioxide  is  made  by  chemical  action  between 
soda  and  aluminum  sulphate.  The  extract  of 
licorice  root  helps  make  tough  bubbles  to 
carry  the  carbon  dioxide  to  the  fire. 

Page  172.  This  is  a specially  constructed  air- 
port fire  truck.  It  contains  both  liquid  carbon 
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dioxide  kept  at  0°F.,  which  can  be  expelled  as 
carbon-dioxide  snow,  and  a foam  solution.  The 
cooling  effect  of  the  snow  allows  the  truck  to 
approach  the  fire  closely  and  permits  rescue 
work  to  get  under  way  at  once,  even  before 
the  fire  is  completely  extinguished.  The  blan- 
keting effect  of  the  foam  extinguishes  the 
flame  and  covers  any  exposed  gasoline  that 
might  be  ignited. 

Procedure 

Like  the  preceding  problem,  this  one  should 
be  taught  as  an  application  of  what  the  pupils 
have  learned  about  burning.  Have  them  read 
and  discuss  pages  168-173.  Be  sure  that  they  use 
the  pictures  in  their  discussion.  The  safety 
rules  should  be  thoroughly  understood.  Pupils 
should  be  able  to  give  a reason  for  each  rule. 

The  children  should,  if  possible,  become  fa- 
miliar with  the  different  kinds  of  fire  extin- 
guishers in  common  use.  After  doing  the  ex- 
periment on  page  172,  the  class  should  exam- 
ine one  of  the  school  fire  extinguishers.  The 
school  engineer  will  probably  be  willing  to 
show  the  extinguisher.  Or  if  there  is  an  old 
one  that  is  no  longer  used,  it  can  be  added 
to  the  science  equipment.  The  extinguisher 
should  be  opened  so  that  the  pupils  can  see  the 
glass  bottle  containing  the  acid  and  how  the 
heavy  stopper  falls  out  when  the  extinguisher 
is  turned  upside  down.  Since  they  have  seen 
the  action  of  vinegar,  a weak  acid,  on  baking 
soda,  they  can  understand  how  the  strong  acid 
acting  on  the  soda  can  produce  quantities  of 
carbon  dioxide.  Pupils  should  understand  why 
a fire  extinguisher  should  never  be  taken  from 
the  hook  unless  it  is  to  be  used.  The  chemical 
action  cannot  be  stopped  once  it  is  started. 

If  possible,  have  pupils  visit  a local  fire  sta- 
tion to  examine  the  fire  extinguishers  and  other 
equipment  that  the  firemen  use,  as  suggested  in 
Things  to  Do , page  175,  No.  2. 

After  a study  of  this  problem,  the  pupils  may 
perform  a worth-while  service  for  the  school 
by  helping  other  classes  realize  the  importance 
of  observing  the  rules  for  fire  drills.  If  no  such 
rules  have  been  made,  the  class  may  make  a set 
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of  rules  to  fit  the  school  and  send  them  to  each 
room  in  the  building.  Such  rules  might  in- 
clude : 

1.  Leave  your  desk  and  prepare  to  leave 
your  room  at  once. 

2.  Keep  in  line  as  directed. 

3.  If  you  are  among  the  first  in  line,  go  out 
far  enough  from  the  building  to  allow  others 
to  get  out  without  congestion. 

4.  Do  not  re-enter  the  building  until  a sig- 
nal is  given. 

Questions  (Page  173) 

1.  Clear  away  any  material  that  will  burn; 
cool  the  burning  material;  shut  off  the  supply 
of  oxygen. 

2.  It  cools  the  material  below  its  kindling 
temperature  and  shuts  off  the  supply  of  oxygen. 

3.  A stream  of  water  will  spread  fat  and  oil 
fires.  These  fires  should  be  smothered  in  some 
way,  as  with  carbon-dioxide  gas,  sand,  or  dirt. 

4.  Stand  still  and  look  for  something  to  roll 
yourself  in  to  shut  off  the  supply  of  oxygen. 

5.  Report  to  the  fire  department  at  once. 
If  the  fire  is  small  enough,  use  water  to  try  to 
put  it  out,  or  try  to  smother  the  flames. 

Questions  to  answer  (Page  174) 

Picture.  No.  Never  use  kerosene  or  gasoline 
to  help  start  a fire. 

1.  So  that  a fresh  supply  of  oxygen  can  get 
to  the  wood. 

2.  Both  should  be  open  to  let  air  in  and 
smoke  and  gases  out. 

3.  Turn  down  the  wick  so  that  less  fuel  is 
supplied.  Or  clean  and  trim  the  wick  so  that 
the  fuel  can  burn  more  easily. 

4.  Gas  and  kerosene  are  made  of  elements 
that  all  combine  with  oxygen  in  the  chemical 
change  that  takes  place  when  they  burn. 

5.  There  is  oxygen  all  around  it  when  it  is 
in  the  air. 

6.  The  added  leaves  shut  off  some  of  the 
oxygen  and  thus  prevent  burning. 

7.  Heat  from  the  hot  lamp  makes  them 
evaporate  easily.  The  vapor  mixes  with  oxygen 
in  the  air  and  may  easily  explode. 


8.  By  shutting  of!  the  supply  of  oxygen. 

9.  Answers  brought  out  in  discussion  of 
safety  rules. 

10.  The  same  amount  of  kindling  wood 
might  be  laid  under  the  same  amount  of  each 
kind  of  coal.  The  kind  that  caught  fire  more 
quickly  would  have  the  lower  kindling  tem- 
perature. Soft  coal  usually  has  the  lower  kin- 
dling temperature. 

11.  They  should  be  opened  to  let  in  as  much 
oxygen  as  possible. 

12.  Prevent  or  help  prevent  needless  fires. 
Conserve  fuel  when  cooking,  heating,  etc. 

13.  Chimneys  provide  a better  draft  for  the 
fire.  The  air  moves  by  the  fire  more  rapidly, 
and  so  the  fire  gets  more  oxygen.  They  also 
let  smoke  from  our  stoves  and  furnaces  escape. 
They  carry  the  sparks  high  above  the  roof  so 
that  the  sparks  have  gone  out  before  they  fall 
on  the  roof. 

14.  You  could  use  water,  sand  or  dirt,  rugs 
or  blankets,  or  whatever  was  available  to 
smother  the  flames.  An  oil  fire  could  be  put 
out  with  sand  or  dirt  and  blazing  fat  with 
soda  or  by  covering  it  with  a metal  cover. 


Things  to  do  (Page  175) 

1.  Use  the  picture  on  page  150  as  a guide. 

2.  This  visit  should  be  planned  in  advance 
by  the  teacher. 

3.  Interviews  with  local  fire-insurance  com- 
panies, or  letters  to  them,  will  bring  additional 
information. 

4.  Inquiries  may  be  made  at  lumber  com- 
panies and  other  agencies  for  building  mate- 
rials. Most  common  are  the  non-combustible 
shingles  of  various  kinds.  Slate  and  tile  roofs 
are,  of  course,  made  of  materials  naturally  non- 
combustible. These  are  better  than  wooden 
shingles  because  they  prevent  the  house  from 
being  set  on  fire  by  flying  sparks  from  other 
fires,  defective  chimneys,  etc. 

5.  The  most  common  matches  will  be  safety 
matches  and  the  large  kitchen  matches.  Some- 
one may  have  some  of  the  matches  with  wax 
sticks  such  as  used  in  Mexico. 

6.  Consult  local  fuel  dealers. 

7-8.  Individual  or  group  activities. 

9.  See  “Information  for  the  teacher,”  column 
2,  page  126  of  this  Guideboo\. 


unit  7 o Why  Do  You  Need  Food? 


Purpose  and  scope 

This  unit  and  the  two  units  that  follow  all 
deal  in  some  way  with  food.  Unit  7 takes  up 
the  different  kinds  of  foods  and  their  uses  in 
the  body.  Unit  8 discusses  the  sources  of  food. 
Unit  9 tells  how  to  make  and  care  for  a garden 
that  will  produce  food.  The  sequence  of  units 
thus  insures  an  orderly  development  of  fun- 
damental understandings  by  beginning  with 
food  problems  of  immediate  concern  to  the 
pupils. 

If  this  unit  is  made  real  to  pupils,  they  will 
understand  the  importance  of  eating  the  proper 
food.  They  should  be  urged  to  apply  the  things 


that  they  learn  to  their  own  living.  If  there  is 
a school  lunch  program,  or  a school  cafeteria, 
pupils  can  apply  what  they  are  learning  to 
the  selection  of  food.  The  adults  responsible  for 
planning  of  the  school  lunches  may  have  much 
valuable  information  to  contribute  to  the  class. 

Science  bac\ground 

Loo\  and  Learn:  Unit  1,  Animals;  Unit  4, 
Outdoors. 

All  Around  Us:  Unit  1,  Animals. 

How  Do  We  Know?:  Unit  1,  Animals. 

Discovering  Our  World , Boo\  One:  Unit  2, 
Why  Do  All  Living  Things  Need  Air  and 
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Water?  Unit  3,  How  Does  Your  Body  Work? 
Unit  7,  How  Can  You  Keep  Well?  Unit  8, 
How  Do  Animals  and  Plants  Grow? 

Discovering  Our  World , Boo\  Two:  Unit 
2,  What  Makes  Things  Move?  Unit  5,  What 
Are  Things  Made  Of?  Unit  6,  How  Can  We 
Control  Fire? 

General  concepts 

1.  The  right  kinds  and  amounts  of  food  are 
necessary  for  proper  growth  and  development 
of  your  body. 

2.  Fats  and  carbohydrates  supply  your  body 
with  energy  and  heat. 

3.  Proteins  and  minerals  help  your  body 
grow  properly  and  repair  worn-out  parts. 

4.  Vitamins  protect  your  body  from  certain 
diseases  and  help  it  grow  properly. 

5.  Your  body  needs  plenty  of  water  to  keep 
it  well. 

6.  The  proper  amounts  of  the  necessary 
foods  can  be  obtained  by  planning  or  choosing 
well-balanced  diets. 

7.  Food  should  be  cooked  properly. 

Introducing  the  unit  (Page  177) 

Write  the  unit  title  on  the  board  and  then 
ask  the  pupils  to  give  as  many  reasons  as  they 
can  why  they  need  food.  List  the  reasons  on 
the  board  under  the  unit  title.  Keep  the  list  so 
that  it  can  be  checked  and  revised  as  the  study 
of  the  unit  progresses. 

Now  have  the  pupils  read  and  discuss  page 
177.  After  the  discussion,  let  them  try  to  decide 
why  the  animals  pictured  on  pages  176-177 
need  careful  feeding. 

What  does  food  do  for  you? 

(Pages  178-180) 

Concepts 

The  right  kinds  and  amounts  of  food  are 
necessary  for  proper  growth  and  development 
of  your  body. 

a)  Some  foods  make  you  grow  bigger  and 
taller. 

b ) Some  foods  help  prevent  diseases. 


c ) Some  foods  help  make  healthy  teeth 
and  bones. 

d ) Some  foods  give  you  energy. 

e)  Some  foods  help  repair  worn-out  parts 
of  your  body  and  make  some  of  the  materials 
that  keep  it  running  well. 

Experiment 

Page  180:  To  find  out  what  foods  help  rats 
grow  and  keep  healthy. 

Materials:  White  rats  (at  least  four,  the 
same  age  and  size),  lean  meat,  bread,  potatoes, 
water,  raw  and  cooked  vegetables,  milk,  cages 
for  the  rats,  scales. 

Information  for  the  teacher 

Pictures.  Page  178.  The  practice  of  weighing 
and  measuring  pupils  is  carried  on  regularly  in 
many  schools.  A very  helpful  pamphlet  for 
this  problem  and  for  the  unit  as  a whole  is 
published  by  the  United  States  Office  of  Ed- 
ucation. It  is  Pamphlet  No.  1 of  the  Nutrition 
Education  Series — “Nutrition  Education  in  the 
Elementary  Schools.”  (See  Bibliography  for 
method  of  obtaining  it.)  It  gives  help  in  plan- 
ning nutrition  activities  as  well  as  giving  the 
basic  information  needed  for  children  at  this 
level.  The  pamphlet  stresses  the  importance 
of  giving  the  children  a true  idea  of  growth. 
It  states:  “Growth  depends  on  many  closely 
related  factors;  it  is  impossible  to  specify  ex- 
actly which  factor  is  responsible  for  any  child’s 
failure  to  grow  as  rapidly  as  he  desires. 

“The  teacher  should  make  clear  that  the 
rate  of  growth  depends  partly  on  body  build 
and  other  hereditary  factors  and  partly  on  ade- 
quate rest,  freedom  from  infection,  and  ade- 
quate food.  The  addition  of  any  one  kind  of 
food  to  the  diet  may  not  produce  immediate 
or  marked  results,  especially  if  some  other  con- 
ditions favorable  to  growth  are  lacking. 

“The  practice  of  designating  children  as  over- 
weight, normal,  or  underweight  has  been  aban- 
doned in  most  schools  because  it  is  often  seri- 
ously misleading.  What  a child  should  weigh 
is  determined  largely  by  his  individual  physical 
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build.  If  he  fails  to  grow  over  a period  of  four 
or  five  months,  or  if  he  appears  unduly  thin  or 
unduly  fat,  medical  advice  should  be  sought. 
It  is  important  to  recognize  that  being  ‘nor- 
mal’ in  weight  does  not  necessarily  mean  that 
a child  is  well-nourished.” 

Page  180.  For  the  rat  experiment,  other  diets 
than  the  ones  given  in  the  text  are  suggested  in 
the  pamphlet  mentioned  above.  These  diets 
show  the  effects  of  other  kinds  of  foods.  This 
experiment  can  be  very  helpful  if  it  is  care- 
fully done.  It  is  best  to  have  at  least  two  ani- 
mals in  each  cage,  although  if  both  are  of  the 
same  sex,  one  may  be  used  in  each  cage.  If 
the  animals  are  of  mixed  sexes,  one  female 
and  one  male  should  be  placed  in  each  cage. 
Arrangements  must  be  made  so  that  the  ani- 
mals are  properly  fed  over  the  weekend,  or 
the  results  will  not  be  accurate. 

This  experiment  will  be  more  successful  if 
the  rats  on  the  good  diet  take  in  as  much  milk 
as  they  will,  about  three  tablespoonfuls  each 
day,  before  they  are  given  water.  Rats  will  not 
drink  milk  if  water  is  available.  For  this  rea- 
son, dried  milk  is  often  mixed  with  the  other 
solid  foods,  instead  of  giving  liquid  milk.  A 
weekly  record  is  kept  of  the  gains  of  each 
animal,  and  other  signs  of  good  or  poor  nutri- 
tion are  noted.  If  possible,  after  a marked  dif- 
ference has  developed  between  the  rats  in  the 
two  cages,  the  rats  on  the  poorer  diet  should 
be  changed  to  the  better  diet  and  the  results 
observed  over  a period  of  weeks. 

Text.  Page  179.  Paragraph  1 refers  to  the 
work  on  pellagra  by  Dr.  Joseph  Goldberger. 
He  discovered  that  pellagra  is  caused  by  diets 
lacking  in  milk,  eggs,  green  vegetables,  etc. 
These  foods  all  contain  one  of  the  B vitamins. 

Many  organizations  provide  free  or  low-cost 
materials  on  nutrition  for  teachers.  See  Bib- 
liography for  sources  of  materials  that  will  give 
additional  help  for  all  parts  of  this  unit. 

Procedure 

From  previous  units,  the  pupils  already 
know  that  food  provides  energy.  This  prob- 
lem may  be  introduced  by  having  the  pupils 


discuss  what  they  already  know  about  food. 
Then  have  the  pupils  read  pages  178-179  to 
find  out  as  many  ways  as  possible  in  which 
foods  help  the  body. 

The  food  list  suggested  on  page  180  will  be 
very  useful  as  the  study  of  the  unit  progresses. 
Let  the  pupils  plan  how  this  list  is  to  be  kept. 

The  rat-feeding  experiment  on  page  180  is 
a most  interesting  and  instructive  part  of  this 
unit.  It  provides  an  excellent  opportunity  for 
exercising  care  in  experimenting,  for  careful 
keeping  of  data,  and  for  drawing  accurate  con- 
clusions. If  the  rats  are  available,  ask  the  pupils 
if  they  can  decide  how  to  set  up  an  experiment 
with  the  rats  so  that  they  can  learn  how  im- 
portant it  is  to  eat  the  proper  kind  of  food. 
After  they  have  discussed  this  question,  let 
them  read  page  180  and  set  up  the  experiment. 

Questions  (Page  180) 

1.  Makes  you  grow  bigger;  helps  you  grow 
strong,  healthy  teeth  and  a healthy  body;  gives 
you  strength  to  do  work  and  keep  warm; 
makes  new  blood  and  skin,  etc. 

2.  Food  supplies  the  energy  that  keeps  you 
warm  and  keeps  your  heart  pumping  and  your 
lungs  moving  while  you  are  asleep. 

3.  Rats  that  have  a good  diet  grow  more 
and  look  healthier  than  rats  that  have  a poor 
diet. 

What  foods  keep  you  warm  and  give 
you  energy?  (Pages  181-185) 

Concepts 

Fats  and  carbohydrates  supply  your  body 
with  energy  and  heat. 

a)  Butter,  lard,  margarine,  etc.,  contain 
fats. 

b)  Starch  and  sugar  are  carbohydrates. 

c ) Fats  and  carbohydrates  are  com- 
pounds made  of  carbon,  hydrogen,  and  oxy- 
gen. 

Experiments 

Page  183:  To  test  some  foods  for  fat. 
Materials:  Food  containing  fats  and  some 
other  foods,  paper. 
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Page  184:  To  learn  the  test  for  starch  and  to 
test  some  foods  for  starch. 

Materials:  Two  glasses  of  water,  starch, 
iodine,  knife,  potato,  cereals,  bread,  different 
fruits  and  vegetables,  corn  seed,  bean  seed. 

Information  for  the  teacher 

Pictures.  Page  182.  The  foods  are  walnuts, 
oil,  cream,  butter,  lard,  bacon. 

Page  183.  The  foods  are  honey,  bread,  sugar, 
macaroni,  beans,  oatmeal,  potato. 

* Page  184.  Cut  the  squash,  eggplant,  onion, 
corn  kernels,  and  string  beans.  Put  a few  drops 
of  iodine  on  each  one.  The  foods  having  starch 
(potato,  corn)  will  turn  dark  blue,  purple,  or 
black. 

Procedure 

1 Pupils  should  look  at  their  lists  and  try  to 
decide  which  foods  keep  them  warm  and  pro- 
vide energy.  Then  have  the  pupils  read  down 
to  the  last  paragraph  on  page  182.  Ask  them  to 
tell  what  food  materials  are  called  fuel  foods 
or  energy  foods  (fats  and  carbohydrates). 
Pronounce  the  word  carbohydrate  for  the  class 
if  necessary  or  have  the  pupils  refer  to  Science 
Words  for  the  pronunciation.  The  children 
should  then  test  different  foods  for  fat,  as 
suggested  in  the  paragraph  that  begins  at  bot- 
tom of  page  182.  Have  the  pupils  identify  the 
foods  in  the  picture  on  page  182.  Then  read  and 
discuss  the  next  two  paragraphs  on  page  183. 

Now  the  children  are  ready  to  learn  about 
carbohydrates.  Have  them  read  the  next  to  last 
paragraph  on  page  183  and  identify  the  foods 
in  the  picture  at  the  top  of  the  page.  Then  the 
pupils  should  read  the  next  paragraph  and  do 
the  experiment  described  and  illustrated  on 
page  184. 

Pupils  will  be  interested  in  making  the  tests 
for  different  food  materials.  Everyone  in  the 
class  should  have  an  opportunity  to  observe 
the  tests.  (No  test  for  sugar  is  given  in  the 
text,  since  tests  for  sugar  are  too  difficult  for 
pupils  at  this  grade  level.) 

After  the  rest  of  the  problem  has  been  read 
and  discussed,  pupils  should  decide  which  of 
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the  foods  in  their  lists  contain  fats  and  which 
contain  starchy  carbohydrates.  Also,  they 
should  decide  the  same  thing  for  the  foods 
used  in  the  rat  diets.  Pupils  may  wish  to  make 
a series  of  wall  charts  on  which  they  can  place 
pictures  of  fat  foods  and  carbohydrate  foods. 

The  last  paragraph  on  page  185  can  be  re- 
lated to  what  the  children  have  learned  about 
the  diet  of  peoples  that  live  in  cold  climates. 

Questions  (Page  185) 

1.  Fat  or  carbohydrate.  It  supplies  us  with 
heat  to  keep  us  warm  and  energy  to  move  our 
muscles. 

2.  Food  combines  with  oxygen  in  your  body 
to  produce  heat  and  energy. 

3.  Energy  is  used  by  your  muscles  to  do 
their  work,  and  it  provides  the  heat  to  keep 
your  body  warm. 

4.  Butter,  lard,  margarine,  meat,  egg  yolk, 
cheese,  nuts,  etc.  Answers  will  vary. 

5.  Fruit  (oranges,  bananas,  grapes,  apples, 
berries),  candy,  bread,  potatoes,  cereals,  etc. 
Answers  will  vary. 

What  foods  help  you  grow  and  keep 
healthy?  (Pages  185-188) 

Concepts 

Proteins  and  minerals  help  your  body  grow 
properly  and  repair  worn-out  parts. 

a)  Lean  meat,  milk,  cheese,  eggs,  fish, 
and  a few  vegetables  contain  much  protein. 

b ) Milk,  egg  yolk,  cheese,  liver,  lean 
meat,  fish,  seafoods,  and  some  vegetables  con- 
tain necessary  minerals. 

c ) Protein  is  a compound  of  carbon,  hy- 
drogen, oxygen,  nitrogen,  and  sometimes 
sulphur  and  phosphorus. 

d)  Calcium,  phosphorus,  iron,  and  iodine 
are  necessary  minerals. 

Experiment 

Page  187:  To  show  that  bones  need  calcium 
to  make  them  stiff. 

Materials:  Slender  chicken  bone,  dish, 
strong  vinegar. 


Information  for  the  teacher 

Pictures.  Page  186.  The  foods  are  chicken, 
milk,  cheese,  beef,  eggs,  fish,  beans,  liver. 

Page  187.  The  foods  are  cheese,  milk,  celery, 
liver,  peas,  tomatoes,  spinach,  carrots,  oranges, 
apples.  (Some  water  is  a good  source  of  min- 
erals.) 

Procedure 

The  same  general  procedure  used  in  the  pre- 
ceding problem  may  be  used  here.  Have  the 
pupils  read  to  the  end  of  the  first  paragraph 
on  page  186.  Pronounce  the  word  protein  or 
have  the  pupils  find  its  pronunciation  in  Sci- 
ence Words.  Then  let  them  identify  the  foods 
that  contain  protein  in  the  picture  on  page  186. 

Then  let  the  pupils  do  the  experiment 
described  on  page  187  and  read  to  the  end  of 
the  problem.  They  should  identify  the  food 
in  the  picture  on  page  187.  Now  have  the  pu- 
pils use  the  pictures  to  find  foods  that  provide 
both  protein  and  minerals  (milk,  cheese,  liver). 
Let  them  make  a list  of  foods  that  are  good 
sources  of  both  kinds  of  body-building  foods. 
Also  have  the  pupils  apply  what  they  have 
learned  to  the  diets  in  the  rat  experiments. 

Questions  (Page  188) 

1.  Protein,  minerals. 

2.  Lean  meat,  milk,  cheese,  eggs,  fish,  beans. 

3.  You  need  minerals  such  as  calcium  and 
phosphorus  for  your  bones  and  teeth,  and  iron 
for  your  blood. 

4.  Protein  contains  the  elements  carbon,  oxy- 
gen, hydrogen,  and  nitrogen,  and  sometimes 
sulphur  and  phosphorus,  while  fats  and  carbo- 
hydrates do  not  contain  the  last  three  elements. 
Protein  is  a body-building  food,  while  fats  and 
carbohydrates  are  fuel  foods  or  energy  foods. 

How  do  vitamins  help  you  keep  well? 
(Pages  188-192) 

Concepts 

1.  Vitamins  protect  your  body  from  certain 
diseases  and  help  it  grow  properly. 


2.  A well-balanced  diet  containing  the  pro- 
tective foods  usually  provides  the  necessary 
amounts  of  vitamins  for  your  body. 

Information  for  the  teacher 

Pictures.  Page  189.  Dr.  Eijkman  and  his 
chicken  experiment. 

Page  190.  The  foods  are  oranges,  apples, 
enriched  bread,  yeast,  milk,  eggs,  cereal, 
butter,  spinach,  cod-liver  oil,  carrots,  liver, 
tomatoes,  peas. 

Page  191.  Bakers  can  buy  tablets  containing 
specified  amounts  of  vitamin  Bx  and  the  other 
B vitamins.  These  tablets  are  dissolved  in 
water  and  put  into  the  dough.  The  govern- 
ment has  set  up  standards  for  enrichment. 
When  a bread  label  says  that  the  bread  has 
been  enriched,  it  means  that  at  least  a specified 
amount  of  vitamin  B15  riboflavin,  niacin,  and 
iron  has  been  added. 

Page  192.  The  prevention  of  rickets  by  vita- 
min D.  These  rats  are  from  the  same  litter, 
twenty  weeks  old.  The  top  picture  shows  the 
short  body  and  bowlegs  typical  of  rickets. 

Text.  The  story  of  the  discovery  of  the  cause 
of  beriberi  is  about  Dr.  Christian  Eijkman,  a 
Dutch  physician  who  was  the  medical  officer  at 
a prison  in  the  Dutch  East  Indies.  He  made  his 
important  discovery  in  1897.  Later  the  sub- 
stance in  the  rice  hulls  was  called  Vitamin  B 
by  Dr.  Casimir  Funk,  a Polish  scientist,  who 
named  the  vitamins  in  1921.  Still  later,  an 
American  scientist,  Dr.  R.  R.  Williams,  dis- 
covered that  this  substance  is  one  of  the  several 
vitamins  that  make  up  vitamin  B or  the  vita- 
min-B  complex,  as  it  is  usually  called.  He 
found  that  it  is  the  chemical  substance  thia- 
mine, now  known  as  vitamin  Bx.  Two  of  the 
other  members  of  the  vitamin-B  complex  are 
niacin,  the  factor  controlling  pellagra  (men- 
tioned on  page  131  of  this  Guidebook  and  ribo- 
flavin, which  controls  another  disease  that  ac-' 
companies  pellagra. 

Vitamin  A was  the  first  vitamin  to  be  iden- 
tified individually.  This  was  accomplished  by 
Dr.  E.  V.  McCollum  and  Marguerite  Davis  in 
1915.  Vitamin  A is  manufactured  in  the  animal 
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body  from  carotene,  a substance  occurring  in 
such  plant  parts  as  green  leaves  and  carrot 
roots.  When  vitamin  A is  added  to  margarine, 
the  margarine  is  said  to  be  “fortified.” 

Vitamin  C is  known  as  the  antiscorbutic 
vitamin.  It  is  the  chemical  substance  ascorbic 
acid.  The  discoverer  of  the  beneficial  results  of 
drinking  citrus  juice  was  Dr.  Lind,  a surgeon 
in  the  British  navy  in  the  early  eighteenth  cen- 
tury. This  good  effect  had  been  noted  before, 
but  Dr.  Lind  was  the  first  to  use  the  experi- 
mental method  of  demonstrating  the  fact. 

Vitamin  D,  called  the  antirachitic  vitamin, 
is  now  being  obtained  from  shark  livers  as  well 
as  from  cod  and  halibut  livers.  When  food  is 
“irradiated  by  ultraviolet  light,”  the  substance 
ergosterol  in  the  food  is  changed  to  vitamin  D. 

Procedure 

Since  practically  all  pupils  have  some  infor- 
mation about  vitamins,  a good  way  to  introduce 
the  unit  is  to  have  them  tell  their  experiences. 
Then  let  them  read  and  discuss  pages  188-189 
(except  the  last  paragraph).  The  story  of  the 
doctor’s  experiment  with  chickens  illustrated 
on  page  189  is  an  excellent  example  of  how 
scientists  work. 

Now  have  the  pupils  read  and  discuss  the  rest 
of  the  problem,  using  the  pictures  on  pages 
190-192.  Let  them  identify  the  foods  in  the 
picture  on  page  190.  They  should  observe  that 
these  foods  also  supply  fats,  carbohydrates,  pro- 
teins, or  minerals  as  well  as  vitamins. 

A chart  summarizing  the  information  about 
each  vitamin  discussed  in  the  text  should  be 
made.  Pupils  may  also  wish  to  bring  empty 
containers  for  vitamins  from  home  and  make 
an  exhibit  of  them. 

Questions  (Page  192) 

1.  A food  that  contains  vitamins. 

2-3.  Vitamin  A:  important  to  eyes,  to  skin 
inside  mouth  and  throat;  keeps  you  growing 
well.  Butter,  margarine,  carrots,  tomatoes. 

Vitamin  Bi : helps  you  grow;  gives  you 
appetite.  Whole  wheat,  milk,  cheese,  liver, 
spinach. 
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Vitamin  C:  prevents  scurvy;  helps  your  body 
heal;  helps  your  body  use  calcium.  Oranges, 
lemons,  grapefruit,  tomatoes,  and  other  fruits 
and  vegetables. 

Vitamin  D:  makes  your  bones  grow  straight 
and  strong;  helps  your  teeth;  prevents  rickets. 
Fish,  liver,  egg  yolks,  and  sunshine. 

4.  They  help  us  know  what  foods  to  eat  to 
keep  our  bodies  in  the  healthiest  possible  con- 
dition. 

5.  No.  You  may  not  need  them,  and  they 
may  do  your  body  more  harm  than  good. 

What  does  water  do  for  your  body? 
(Page  193) 

Concepts 

Your  body  needs  plenty  of  water  to  keep  well. 

a)  Water  makes  up  a large  part  of  your 
blood. 

b ) Water  helps  keep  your  body  at  the 
right  temperature. 

c ) Water  helps  dissolve  the  food  that  is 
taken  into  your  body. 

d ) Water  helps  carry  off  waste  materials 
from  your  body. 

Information  for  the  teacher 

Pictures.  Page  193.  The  pictures  show  how 
much  water  is  obtained  from  fresh  potatoes, 
raspberries,  and  string  beans  when  these  foods 
are  dried. 

Procedure 

Have  the  punils  discuss  the  pictures  on  page 
193  before  reading  the  page.  Pupils  should  ap- 
ply what  they  learn  to  their  own  diets  and  to 
the  rat  experiment.  For  an  additional  activity, 
see  Things  to  Do,  page  203,  No.  5. 

What  habits  will  help  you  get  the 
proper  foods?  (Pages  194-199) 

Concept 

The  proper  amounts  of  the  necessary  foods 
can  be  obtained  by  planning  or  choosing  well- 
balanced  diets. 


Experiment 

Page  195:  To  separate  the  different  materials 
in  milk. 

Materials:  Bottle  of  milk  (quart),  spoon, 
glass  jar,  egg  beater,  container  for  skim  milk, 
strainer,  salt,  shallow  dish,  source  of  heat. 

Information  for  the  teacher 

Pictures.  Page  194.  Recommended  daily  serv- 
ings of  each  group  are:  1 and  2,  one  or  more; 
3,  two  or  more;  4,  one  quart  for  children  (ice 
cream  may  be  included  in  this  group) ; 5,  one 
to  two  daily  or  one  daily  plus  four  eggs  a week 
(soybeans  included  here  and  in  6) ; 6 and  7, 
some  daily. 

Page  197.  The  girl  is  eating  a well-balanced 
luncheon,  made  up  of  foods  from  five  groups. 

Page  198.  The  lines,  or  growth  curves,  on  the 
graph  show  that  the  rats  have  increased  in 
weight  steadily  over  a period  of  weeks.  Those 
on  a good  diet  have  increased  much  more  in 
weight  than  those  on  a poor  diet.  One  of  the 
rats  on  a good  diet  has  increased  more  than  the 
other.  This  indicates  that  some  other  factor 
may  be  entering  into  their  growth. 

If  the  rat  experiment  was  carried  out  care- 
fully with  these  diets,  the  children  should 
obtain  similar  growth  curves  on  their  graphs. 
Other  physical  differences  that  might  be  noted 
are : Good  diet — fur  sleek  and  shiny,  eyes 
shiny,  ears  and  noses  pink,  calm  and  friendly; 
poor  diet — fur  rough  and  ragged,  eyes  dull, 
nervous  and  irritable. 

Text.  In  discussing  diets  and  eating  habits, 
the  teacher  must  use  tact  with  regard  to  the 
practices  followed  in  the  children’s  homes.  A 
knowledge  of  the  backgrounds  of  her  pupils 
will  help  in  discussing  the  diet  lists  kept  by  the 
children,  since  she  will,  of  course,  wish  to  avoid 
any  embarrassments  that  might  arise  because 
of  economic  conditions  or  special  food  customs. 

Procedure 

Pupils  are  now  ready  to  understand  the 
“why”  of  the  chart  given  on  page  194.  They 
can  tell  in  each  case  what  a particular  food  does 


for  the  body.  Begin  the  problem  with  a discus- 
sion based  on  the  chart  and  then  have  the  pu- 
pils read  page  194  and  the  first  paragraph  on 
page  195. 

Next  they  should  do  the  experiment  and  re- 
fer to  the  picture  on  page  195.  The  pupils 
should  then  read  down  to  the  last  paragraph 
on  page  196  and  discuss  the  picture. 

An  examination  of  the  list  of  foods  that  have 
been  kept  is  suggested  on  page  196.  Each  pupil 
should  analyze  his  list  and  try  to  decide 
whether  he  is  getting  the  proper  variety  of 
foods.  Pupils  should  be  urged  to  discuss  their 
findings  at  home.  Have  the  children  read  and 
discuss  the  rest  of  the  problem,  using  the  pic- 
ture on  page  197. 

The  basic  outcome  of  this  problem  depends 
on  how  well  the  pupils  translate  what  they 
have  learned  into  action.  A set  of  rules  to  ob- 
serve in  building  good  food  habits  may  be 
made  as  the  result  of  having  studied  this  prob- 
lem. However,  these  rules  are  valuable  only  if 
the  pupils  follow  them  after  the  unit  is  finished. 

The  summarizing  of  the  rat  experiment 
(page  199)  is  very  important.  Pupils  should  be 
urged  to  make  their  conclusions  as  scientific 
as  possible.  The  graph  on  page  198  will  be  very 
useful  in  helping  pupils  check  their  own  find- 
ings. For  additional  activities,  see  Things  to 
Do,  page  203,  Nos.  1-4,  6,  and  7. 

Questions  (Page  199) 

1.  Make  a chart  to  show  what  foods  you 
should  have  and  then  eat  something  from 
each  group  every  day.  Talk  with  your  mother 
or  teacher  about  what  you  are  eating  to  make 
sure  that  you  are  getting  the  right  foods.  Do 
not  spoil  your  appetite  for  the  proper  foods  by 
drinking  pop  and  eating  candy  between  meals. 

2.  Your  body  needs  them  for  growth  and 
health.  Answers  for  the  second  and  third  parts 
will  vary. 

3.  Eat  something  from  each  group  of  foods 
listed  in  the  chart  on  page  194. 

4.  Milk  has  fat,  protein,  carbohydrate,  and 
minerals  in  it,  all  of  which  your  body  needs. 
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5.  Eggs  contain  fat,  protein,  minerals,  vita- 
mins. Candy  is  a fuel  food  but  should  not  be 
substituted  for  other  food.  Whole-wheat  bread 
is  rich  in  vitamin  B,  which  is  body-building 
and  gives  you  an  appetite.  Soup  made  with 
milk  gives  you  some  of  the  milk  you  need  and 
is  good  on  a cold  day.  Vegetables  supply  min- 
erals and  vitamins;  they  should  be  eaten  daily. 

What  does  cooking  do  for  your  food? 
(Pages  199-202) 

Concepts 

1.  Food  is  cooked  to  make  it  easier  to  digest 
and  to  destroy  germs. 

2.  Food  should  be  cooked  in  a way  that  will 
preserve  the  vitamins  and  minerals. 

Information  for  the  teacher 

Text.  None  of  the  important  substances  in 
milk  are  substantially  affected  by  pasteuriza- 
tion, except  for  the  loss  of  some  vitamin  Bi 
and  vitamin  C.  Other  foods  in  the  diet  usually 
make  up  for  this  loss.  Home  pasteurization  is 
not  a difficult  process.  It  should  be  encouraged 
where  commercially  pasteurized  milk  is  not 
available. 

Procedure 

The  final  problem  of  this  unit  gives  reasons 
for  cooking  food  and  tells  how  to  cook  foods 
properly.  To  introduce  the  problem,  have  pu- 
pils read  the  title  and  then  tell  what  they  think 
that  cooking  does  for  food.  After  the  discus- 
sion, let  the  pupils  read  the  problem  and  use 
the  pictures  on  pages  200-201  as  a summary. 
The  problem  will  be  made  more  real  if  pupils 
can  actually  observe  food  preparation  in  a do- 
mestic science  class  or  in  the  school  cafeteria. 

Questions  (Page  202) 

1.  To  make  it  more  easily  digested;  to  kill 
germs;  to  give  a better  taste  to  the  food. 

2.  (a)  Using  a small  amount  of  water  so 
that  fewer  vitamins  and  minerals  dissolve. 
(b)  Using  water  from  vegetables  because  it 
contains  vitamins  and  minerals.  ( c ) Using  beet 
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greens  because  they  contain  many  vitamins. 
(d)  Cooking  potatoes  with  skins  on,  because 
most  of  the  minerals  are  right  under  the  skin; 
when  the  potatoes  are  peeled,  these  minerals 
are  lost.  ( e ) Cooking  vegetables  in  covered 
pans,  because  air  destroys  many  of  the  vitamins. 
(/)  Keeping  vegetables  cool,  because  heat  de- 
stroys some  vitamins. 

3.  It  kills  any  germs  that  may  be  in  it.  Milk 
is  heated  to  145°  F.  and  kept  at  that  tempera- 
ture for  half  an  hour. 

Questions  to  answer  (Page  202) 

Picture.  Sandwiches  can  be  made  of  eggs, 
peanut  butter,  or  cheese.  A covered  jar  in  the 
lunch  box  might  contain  a salad  of  carrots, 
tomatoes,  green  and  leafy  vegetables,  etc.  Milk, 
cocoa  made  with  milk,  or  tomato  juice  should 
be  chosen  rather  than  coffee  or  pop.  Fruit 
should  be  chosen  for  dessert;  cake  added  only 
after  eating  the  basic  seven. 

1.  Fewer  vitamins  are  destroyed  in  canning 
than  in  cooking.  Canning  keeps  out  the  air. 

2.  They  will  help  you  grow  and  be  healthy 
when  you  understand  the  needs  of  your  body. 

3.  Scientists  find  out  what  foods  we  need 
and  what  each  food  does  for  us. 

4.  You  need  food  to  help  your  body  grow 
and  keep  healthy. 

5.  So  that  their  animals  will  be  fat  and 
healthy  and  worth  more  money. 

Things  to  do  (Page  203) 

1-3.  Individual  or  group  activity. 

4.  Consult  elementary  encyclopedias. 

5.  Weigh  fruits  and  vegetables  and  then 
dry  them  slowly  in  hot  air  or  in  the  sun  until 
they  shrivel  and  shrink.  Weigh  them  again  and 
see  how  much  weight  they  have  lost. 

6.  Class  activity. 

7.  If  people  eat  the  proper  foods,  they  not 
only  grow  properly  but  are  kept  from  getting 
certain  diseases.  It  is  better  to  prevent  illness 
than  to  have  to  cure  it  after  it  occurs. 

8.  Individual  or  group  activity.  Other  food 
containers  may  be  used. 


UNIT 


Where  Does  All  the  Food  of  the  World  Come  From? 


Purpose  and  scope 

In  the  previous  unit,  pupils  learned  why  they 
need  food.  This  unit  helps  them  to  become 
acquainted  with  the  source  of  their  food.  They 
learn  to  appreciate  the  fact  that  within  the 
green  leaf  all  of  the  food  in  the  world  is  made. 
They  already  know  that  plants  need  air,  water, 
sunlight,  and  a proper  growing  temperature. 
Now  they  will  learn  some  of  the  things  that 
take  place  inside  the  green  leaf  as  it  makes  food. 

A proper  understanding  of  this  unit  is  essen- 
tial for  the  unit  on  gardening  that  concludes 
this  book.  The  unit  also  provides  valuable  back- 
ground material  for  Discovering  Our  World , 
Boo\  Three , Unit  9,  Where  Do  New  Plants 
and  Animals  Come  From? 

Science  background 

Loo\  and  Learn:  Unit  1,  Animals;  Unit  4, 
Outdoors 

All  Around  Us:  Unit  1,  Animals;  Unit  4, 
Plants 

How  Do  We  Know?:  Unit  1,  Animals;  Unit 
3,  Plants 

Discovering  Our  World , Boo\  One:  Unit  1, 
How  Are  All  the  Things  of  the  World  Put  in 
Groups?  Unit  2,  Why  Do  All  Living  Things 
Need  Air  and  Water?  Unit  7,  How  Do  You 
Keep  Well?  Unit  8,  How  Do  Animals  and 
Plants  Grow? 

Discovering  Our  World , Boo\  Two:  Unit  1, 
How  Do  Living  Things  Help  and  Harm  Each 
Other?  Unit  5,  What  Are  Things  Made  Of? 
Unit  7,  Why  Do  You  Need  Food? 

General  concepts 

1.  All  the  food  in  the  world  comes  from 
green  plants. 

2.  Green  plants  get  food  materials  from  the 
soil  through  their  roots. 


3.  Green  plants  need  water  and  minerals 
from  the  soil  and  carbon  dioxide  from  the  air 
to  make  food. 

4.  To  make  food,  plants  must  have  a green 
material  called  chlorophyll. 

5.  Green  plants  must  have  sunlight  to  make 
chlorophyll. 

6.  By  means  of  a chemical  change,  a green 
leaf  makes  sugar  from  carbon  dioxide  in  the 
air  and  water  from  the  soil. 

7.  The  chemical  change  takes  place  in  the 
cells  of  the  leaf. 

8.  Green  plants  make  starch,  fats,  and  pro- 
teins as  well  as  sugar. 

9.  The  food  made  by  a green  plant  is  dis- 
solved in  the  sap  and  carried  to  all  parts  of  the 
plant. 

10.  Plants  that  do  not  have  chlorophyll  can- 
not make  food;  they  use  foods  that  have  al- 
ready been  made  by  green  plants. 

Introducing  the  unit  (Pages  205-206) 

Pictures.  Page  204.  Harvesting  wheat. 

Page  205.  The  picture  illustrates  the  so-called 
food  chain.  The  small  fish  at  the  left  is  feeding 
on  a green  plant.  The  larger  fish  that  is  just 
appearing  eats  the  small  fish.  Finally,  the  otter 
catches,  kills,  and  eats  the  larger  fish. 

Procedure 

One  way  to  introduce  this  unit  is  to  list  on 
the  board  the  kinds  of  food  studied  in  the 
previous  unit  and  then  ask  the  pupils  to  try  to 
decide  where  these  kinds  of  food  come  from. 
After  the  discussion,  have  the  pupils  read  the 
introduction  on  pages  205-206.  Ask  them  to  ex- 
plain what  the  picture  on  page  205  shows. 

Another  way  to  introduce  the  unit  is  to  have 
each  pupil  make  a list  of  the  foods  that  he  had 
for  breakfast  or  lunch.  Write  these  things  on. 
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the  board.  Now  ask  the  pupils  to  name  the 
things  on  the  board  that  came  from  plants. 
The  first  things  named  will  probably  be  those 
that  obviously  come  from  plants,  such  as  fruits, 
vegetables,  and  cereals.  At  the  pupils’  direction, 
cross  these  off  the  list  on  the  board. 

The  things  that  remain  in  the  list  will  prob- 
ably be  foods  such  as  milk,  cheese,  meat,  and 
so  forth.  Ask  the  pupils  where  these  foods 
come  from.  For  example,  cheese  is  made  from 
milk;  milk  comes  from  cows;  cows  eat  hay 
and  grain,  which  come  from  plants.  At  this 
point,  some  pupil  will  probably  say  that  you 
should  cross  milk,  cheese,  meat,  etc.,  off  the 
list,  too,  because  they  really  come  from  plants. 
(If  no  pupil  says  this,  use  questions  to  draw 
it  out.) 

In  this  way,  proceed  until  all  the  things  in 
the  list  (except  water  and  salt,  if  they  were 
mentioned)  have  been  crossed  off.  The  class  is 
now  ready  to  make  this  conclusion:  “Our  food 
comes  from  plants  or  from  animals  that  eat 
plants.  So  all  the  food  in  the  world  really 
comes  from  plants.”  Pupils  can  then  read  the 
introduction  to  check  their  conclusion. 

How  do  roots  help  plants  get  food 
materials?  (Pages  206-208) 

Concepts 

Green  plants  get  food  materials  from  the  soil 
through  their  roots. 

a)  Plants  have  different  kinds  of  roots. 

b ) Water  and  dissolved  minerals  get  into 

the  roots  through  root  hairs. 

Observations 

Page  206:  To  observe  different  kinds  of  roots. 

Materials:  Various  plants  with  roots  intact. 

Pages  207-208:  To  observe  root  hairs. 

Materials  : Dozen  lima  beans  or  several  rad- 
ish seeds,  moist  blotting  paper,  shallow  dish, 
glass  cover,  magnifying  glass. 

Information  for  the  teacher 

Pictures.  Page  206.  Sugar-beet  root.  The 
main  root,  which  tapers,  may  go  down  into 


the  soil  to  a depth  of  seven  feet.  This  long 
main  root,  together  with  the  large  number  of 
lateral  roots  that  come  from  it,  makes  the  mois- 
ture in  a large  area  available  to  the  plant. 

Page  207.  The  young  corn  plant  has  a main 
root.  This  soon  dies,  giving  place  to  an  exten- 
sive system  of  lateral  roots.  They  usually  ex- 
tend about  three  feet  laterally  and  seven  to 
seven  and  one-half  feet  down.  Later,  so-called 
prop  roots  develop.  They  can  be  seen  in  the 
picture,  growing  from  the  stem  just  above  the 
board.  These  roots  give  additional  support. 

Page  208.  Root  hairs  grow  from  the  outer- 
most cells  of  the  root  back  of  where  the  root 
is  adding  new  cells  and  elongating.  Since  root 
hairs  dry  up  very  quickly,  plants  grown  for 
studying  root  hairs  must  be  kept  moist. 

Text.  The  type  of  root  system  that  a plant 
has  is  a constant  characteristic;  but  the  extent 
may  vary  with  amount  of  moisture,  thickness 
of  stand,  and  other  environmental  conditions. 
Thus,  the  lateral  extent  of  roots  will  be  much 
greater  when  the  plants  are  not  crowded. 
When  plants  are  crowded,  the  roots  of  indi- 
vidual plants  will  turn  and  grow  downward 
when  they  come  to  another  plant.  Moisture 
affects  the  growth,  too.  Where  there  is  much 
rainfall  and  the  rain  sinks  down  deep  in  the 
soil,  the  roots  extend  farther  down.  Where 
there  is  very  little  rainfall  or  seasonal  moisture, 
the  roots  spread  out  laterally  through  the  upper 
layers  of  soil  where  the  moisture  is. 

Procedure 

Ask  the  pupils  to  bring  to  class  roots  of  var- 
ious plants,  such  as  grass,  dandelion,  garden 
vegetable,  etc.  Also  have  the  pupils  start  the 
observation  with  the  seeds  described  on  page 
207  so  that  the  roots  may  be  observed  later. 

Let  the  pupils  examine  the  roots  of  the  plants 
that  they  have  brought  and  also  the  root  hairs 
of  the  sprouted  seeds.  After  the  observations 
have  been  made,  have  the  pupils  study  pages 
206-208,  look  at  the  pictures,  and  discuss  their 
reading  and  observations.  Then  observe  the 
root  hairs  again  to  summarize.  See  also  Things 
to  Do,  page  219,  Nos.  1 and  6. 
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Questions  (Page  208) 

1.  Until  they  dissolve,  they  cannot  get  into 
the  root  hairs. 

2.  The  root  hairs. 

3.  The  plant  will  die  from  lack  of  water. 

How  do  water  and  air  get  into  the 
leaves?  (Pages  209-211) 

Concepts 

1.  Green  plants  need  water  and  minerals 
from  the  soil  and  one  of  the  gases  from  the 
air  to  make  food. 

a)  Water  and  dissolved  minerals  get  from 
the  roots  to  the  leaves  through  tubes  in  the 
stems  and  leaves. 

b ) Air  gets  into  the  plant  through  tiny 
openings  in  the  leaves. 

2.  To  make  food,  plants  must  have  a green 
material  called  chlorophyll . 

Experiment 

Page  209:  To  see  how  water  travels  up  the 
stem  of  a plant. 

Materials  : Stalk  of  celery  with  several 
leaves,  knife,  glass  of  water,  red  ink. 

Information  for  the  teacher 

Pictures.  Page  209.  The  “strings”  are  the 
fibrovascular  bundles  of  the  stem.  These  are 
really  groups  of  cells  consisting  of  fibres  that 
strengthen  the  stem,  as  well  as  the  cells  through 
which  water  and  other  materials  are  carried. 
As  the  picture  indicates,  the  bundles  are  buried 
in  the  stem  so  that  in  an  older  celery  stalk,  the 
red  may  not  be  visible  from  the  outside  of  the 
stalk.  Cutting  a cross  section  or  breaking  the 
stem  will  reveal  these  bundles. 

Page  210.  The  tiny  openings  shown  in  the 
picture  on  the  left  are  called  stomata  (singular 
stoma),  or  breathing  pores.  They  are  located  in 
the  outermost  layer,  or  epidermis,  of  the  leaf. 
The  two  cells  surrounding  the  opening  are 
called  the  guard  cells.  These  cells  cause  the 
stomata  to  open  and  close  by  becoming  more 
or  less  turgid.  In  the  epidermis  of  the  leaf,  the 


guard  cells  of  the  stomata  are  the  only  cells 
that  contain  chlorophyll.  This  is  further  shown 
in  the  diagram  on  page  213. 

Stomata  are  exceedingly  small,  very  much 
smaller  than  the  hole  made  by  punching  the 
finest  sewing  needle  through  a piece  of  paper. 
But  the  tremendous  number  of  them  compen- 
sates for  their  small  size.  There  may  be  more 
than  60,000  to  a square  inch  on  the  average 
leaf.  Most  of  the  stomata  are  usually  on  the 
lower  surface  of  the  leaf;  but  in  some  plants 
they  are  on  both  surfaces.  In  water  plants 
whose  leaves  float  on  the  water,  the  stomata 
are  on  the  upper  surface  only. 

The  skeleton  of  a leaf  such  as  the  one  on 
the  right  is  made  by  the  fibrovascular  bundles 
of  the  leaf.  They  carry  water  and  foods  and 
support  the  leaf. 

Procedure 

Have  the  pupils  perform  the  experiment 
described  and  pictured  on  page  209.  After  a 
short  time,  the  celery  stalk  should  look  very 
much  like  the  one  in  the  picture  at  the  top  of 
the  page.  The  lower  picture  shows  the  tubes 
in  the  celery  stalk.  Let  the  pupils  examine  the 
celery  stalk  and  draw  their  own  conclusion 
about  how  water  gets  into  the  leaves.  The 
pupils  should  now  read  the  last  two  paragraphs 
on  page  209  and  find  the  veins  in  the  leaf  pic- 
tured at  the  right  on  page  210. 

Now  let  the  children  study  the  first  two 
paragraphs  on  page  210  and  examine  the  pic- 
ture at  the  left.  Pronounce  the  word  chloro- 
phyll or  have  the  pupils  find  its  pronunciation 
in  Science  Words.  Be  sure  that  the  pupils  un- 
derstand that  “green  plants”  mean  plants  that 
have  chlorophyll. 

The  five  statements  at  the  end  of  the  prob- 
lem summarize  what  the  children  should  now 
know.  For  an  additional  activity,  see  Things  to 
Do,  page  219,  No.  2. 

Questions  (Page  211) 

1.  Water  and  minerals  from  the  soil,  one 
of  the  gases  in  the  air. 
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2.  Through  root  hairs  into  tubes  in  the  roots 
and  then  into  tubes  in  the  stem,  up  these  tubes 
to  a leaf,  and  through  veins  in  the  leaf. 

3.  Through  tiny  openings  in  the  leaf. 

4.  The  liquid  was  only  in  the  tubes. 

5.  To  carry  water  and  minerals  to  the  leaves. 

6.  By  leaving  the  stems  in  green  water  for  a 
while. 

How  does  a green  leaf  make  food? 
(Pages  211-214) 

Concepts 

1.  Green  plants  must  have  sunlight  to  make 
chlorophyll. 

2.  By  means  of  a chemical  change,  a green 
leaf  makes  sugar  from  carbon  dioxide  in  the 
air  and  water  in  the  soil. 

3.  The  chemical  change  takes  place  in  the 
cells  of  the  leaf. 

4.  Green  plants  make  starch,  fats,  and  pro- 
teins as  well  as  sugar. 

Experiment 

Page  212:  To  show  that  plants  need  sunlight 
to  make  chlorophyll. 

Materials:  Two  plants  about  the  same  size. 

Information  for  the  teacher 

Pictures.  Page  212.  The  plants  on  the  right 
show  the  typical  growth  reaction  to  lack  of  sun- 
light. They  grow  long  and  straggly,  too  weak 
to  stand  erect,  and  lack  green  color.  These 
plants  are  living  off  food  stored  in  the  cotyle- 
dons. They  cannot  make  their  own  food,  so 
will  die  as  soon  as  the  stored  food  is  gone. 

Page  213.  The  picture  on  the  left  shows  the 
veins,  or  fibrovascular  bundles,  as  they  appear 
when  the  leaf  is  cut  across.  On  the  right  is  part 
of  the  cut  end  greatly  magnified  to  show  the 
cells  that  make  up  the  upper  and  lower  epi- 
dermis (outermost  layers),  the  bundles,  and 
the  chlorophyll-bearing  cells  of  the  leaf. 

Text.  The  process  described  in  this  problem 
is  called  photosynthesis.  It  is  a complicated 
process  involving  a series  of  chemical  changes 
as  yet  incompletely  understood  by  scientists. 
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Only  the  basic  ideas  are  presented  here.  No 
distinction  is  made  between  the  various  types 
of  sugar  made  by  plants,  such  as  grape  sugar, 
sugar  from  sugar  beets,  from  sugar  cane,  etc. 

Procedure 

Have  the  pupils  start  the  experiment  de- 
scribed and  pictured  on  page  212  at  least  a week 
before  this  problem  is  introduced.  As  an  intro- 
duction to  the  problem,  let  the  pupils  read  and 
discuss  the  three  paragraphs  on  page  211.  Re- 
call the  experiment  with  sugar  (pages  130-131) 
and,  if  necessary,  repeat  the  experiment.  Then 
have  the  class  observe  the  results  of  the  experi- 
ment on  page  212  and  draw  conclusions. 

The  pupils  are  now  ready  to  read  and  dis- 
cuss the  rest  of  the  problem,  using  the  pictures 
on  page  213.  The  first  paragraph  on  page  213 
introduces  the  concept  of  cells,  which  is  basic 
to  an  understanding  of  all  living  things.  No 
attempt  should  be  made  at  this  time  to  extend 
the  concept  beyond  its  immediate  application. 

Questions  (Page  214) 

1.  Sugar  is  being  made  from  carbon  dioxide 
and  water  and  then  changed  to  other  foods. 

2.  Water  supplies  hydrogen  and  oxygen  for 
making  sugar  and  carries  dissolved  minerals. 
Sunlight  enables  the  chemical  change  that 
makes  sugar  to  take  place.  Veins  carry  water 
from  the  stem  through  the  leaves.  Tubes  in  the 
stem  carry  water  from  the  roots  to  the  leaves. 
Air  supplies  carbon  dioxide  for  making  sugar. 

3.  When  carbon  dioxide  and  water  combine 
to  make  sugar,  a new  material  is  made. 

4.  It  does  not  get  enough  sunlight  to  make 
chlorophyll. 

5.  Fungus  on  page  24  or  page  28.  It  has  no 
chlorophyll. 

What  becomes  of  the  food  made  by  a 
green  leaf?  (Pages  214-216) 

Concepts 

The  food  made  by  a green  plant  is  dissolved 
in  the  sap  and  carried  to  all  parts  of  the  plant. 


a)  Some  of  the  food  is  used  for  growing 

and  making  new  parts. 

b ) Some  of  the  food  is  stored  in  roots, 

stems,  and  seeds  and  used  later. 

Information  for  the  teacher 

Picture.  Page  214.  The  sap  for  making  maple 
sugar  is  collected  in  the  late  winter  or  early 
spring.  After  it  has  been  collected,  it  is  put  into 
large  iron  kettles  and  boiled  steadily  for  several 
days.  Water  and  a scum  that  forms  on  the  top 
are  skimmed  off  until  finally  only  the  sugar  is 
left.  It  is  made  into  cakes,  which  harden  at 
once.  Travel  Magazine , March  1946,  and  Natu- 
ral History  Magazine , March  1946,  have  inter- 
esting illustrated  accounts  of  this  process. 

Procedure 

Let  the  pupils  try  to  answer  the  question 
asked  in  the  problem  title  before  reading  the 
text.  Have  them  recall  how  their  bodies  use 
food  and  how  food  is  carried  to  all  parts  of 
their  bodies.  The  picture  on  page  214  gives  a 
hint  as  to  the  answer. 

The  diagram  on  page  215  illustrates  the 
essential  ideas  in  this  problem.  Let  the  pupils 
study  the  diagram  and  try  to  explain  what  it 
shows.  Then  have  them  read  the  first  three 
paragraphs  to  check  their  explanation.  After 
this,  they  should  read  and  discuss  the  rest  of 
the  problem.  The  last  two  paragraphs  on  page 
216  stress  the  basic  concept  underlying  the 
whole  unit.  Use  the  concluding  question  in  the 
last  paragraph  to  clinch  the  understanding  of 
this  concept. 

Questions  (Page  216) 

1.  Yes.  The  other  animals  eat  plants  and 
would  starve  without  them. 

2.  Answers  may  include : roots  (carrots, 
beets,  etc.);  stems  (asparagus,  white  potatoes, 
etc.) ; leaves  (lettuce,  spinach) ; flowers  (cauli- 
flower, broccoli);  seeds  (beans,  peas,  etc.). 

3.  Sap  carries  it  through  tubes  to  all  parts 
of  the  plant. 

4.  Food  in  the  plant  is  changed  chemically 
by  the  plant  to  produce  wood  fibres,  and  by 


animals  that  eat  plants  to  produce  milk,  meat, 
and  leather. 

5.  It  feeds  the  new  plants  inside  the  seeds 
when  they  begin  to  grow;  it  is  used  as  food 
by  people  and  animals. 

How  do  plants  that  are  not  green  get 
food?  (Pages  216-218) 

Concept 

Plants  that  do  not  have  chlorophyll  cannot 
make  food;  they  use  food  that  has  already  been 
made  by  green  plants. 

Observation 

Page  217:  To  see  how  molds  get  food  and 
grow. 

Materials  : Piece  of  bread,  two  dishes,  dusty 
cloth,  water. 

Information  for  the  teacher 

Pictures.  Page  217.  The  typical  bread  mold, 
Rhizopus.  The  green  mold  usually  found  on 
lemons  and  oranges  may  also  appear.  The 
method  of  obtaining  food  is  the  same  although 
the  structure  of  the  mold  is  different. 

Page  218.  Indian  pipes,  widely  found  in 
damp,  rich  woods.  They  are  saprophytes;  that 
is,  they  derive  their  food  from  decaying  plant 
and  animal  matter  in  the  soil. 

Page  219.  Fairy  ring  mushrooms. 

Procedure 

The  pupils  already  have  some  information 
about  non-green  plants  from  Unit  1,  pages 
24,  27-28.  Let  them  recall  what  they  already 
know  and  then  follow  the  directions  for  grow- 
ing mold  on  page  217.  They  should  read  the 
text  to  get  information  about  mold  itself.  Have 
them  contrast  green  plants  with  non-green 
plants  with  respect  to  things  that  each  can  or 
cannot  do.  For  additional  activities,  see  Things 
to  Do,  page  219,  Nos.  3 and  4. 

Questions  (Page  218) 

1.  Answers  may  include : fruit,  bread,  cheese, 
other  foods,  wood,  leather,  etc. 


UNIT  EIGHT.  SOURCE  OF  ALL  FOOD  141 


2.  Yes.  Old  materials  are  destroyed,  and  new 
ones  are  formed. 

3.  They  do  not  have  chlorophyll  that  makes 
the  chemical  change  possible.  They  use  food 
that  green  plants  make  and  store.  Some  of  the 
plants  are  eaten  by  animals.  When  the  plants 
and  animals  die  and  fall  to  the  ground,  mush- 
rooms grow  on  the  decaying  plant  and  animal 
material  in  the  soil. 

Questions  to  answer  (Page  219) 

1.  No.  Water  must  enter  through  the  roots. 

2.  If  the  root  hairs  are  destroyed,  the  plant 
will  not  be  able  to  get  water. 

3.  Plants  cannot  make  food  without  sun- 
light, and  they  make  all  the  food  in  the  world. 

4.  Answers  should  include  information  on 
pages  211-214. 

5.  Their  energy  comes  from  green  plants, 
which  obtained  energy  from  the  sun. 

6.  Several  feet  away.  The  root  hairs  near  the 
ends  of  the  roots  take  in  the  water. 


Things  to  do  (Page  219) 

1.  Do  not  cover  the  seeds  with  water  or  let 
them  dry  out.  Use  a magnifying  glass  to  see 
the  root  hairs. 

2.  If  plants  are  placed  in  the  sunlight,  results 
will  be  more  satisfactory. 

3.  Individual  or  group  activity.  Molds, 
mushrooms,  Indian  pipes,  etc.,  may  be  col- 
lected, depending  on  the  location  and  season. 

4.  Individual  or  group  activity.  Mold  or 
mildew,  which  is  a kind  of  mold,  can  be  found 
on  food,  damp  cloth,  leather,  or  other  mate- 
rials, and  on  plants.  (Lilac  leaves  often  show 
a dusty  coating  which  is  mildew.) 

5.  When  leaves  spread  out  so  that  each  leaf 
can  get  the  maximum  amount  of  light,  they 
are  said  to  be  forming  a mosaic.  Vines  on 
houses  and  walls  often  offer  excellent  examples 
of  this. 

6.  A thick,  central  root,  such  as  the  sugar 
beet  on  page  206,  or  the  carrot,  turnip,  or  dan- 
delion, is  a taproot. 


UNIT 


Ho  w Can  You  Make  a Garden? 


Purpose  and  scope 

This  unit  provides  an  opportunity  to  learn  at 
first  hand  how  we  grow  plants  for  our  own 
use.  As  previously  learned  concepts  are  applied 
and  new  information  is  acquired,  pupils  come 
to  understand  the  importance  of  proper  care 
for  growing  plants.  The  problems  of  the  gar- 
dener are  seen  to  be  much  like  those  of  the 
farmer.  From  this  realization  comes  a better 
appreciation  of  the  importance  of  farming. 

Pupils  will,  of  course,  derive  far  more  pleas- 
ure and  profit  from  the  unit  if  they  actually 
make  a garden  at  school  or  at  home.  The  ac- 
tivity of  making  a garden  may  be  carried  on 
by  the  class  as  a group  or  as  individuals.  As 
the  study  of  the  unit  progresses,  pupils  should 


apply  what  they  have  learned  to  their  gardens. 
If  a garden  plot  is  not  available  at  school  or  at 
home,  it  may  be  possible  for  pupils  to  observe 
a garden  in  the  community.  The  teacher  may 
be  able  to  enlist  the  interest  of  the  owner  so 
that  pupils  can  share  in  planning  a garden 
even  though  they  cannot  plant  one.  Visits  to 
the  garden  should  then  be  made  as  the  unit 
is  studied. 

Science  background 

Loo\  and  Learn:  Unit  4,  Outdoors 
All  Around  Us:  Unit  4,  Plants 
How  Do  We  Know?:  Unit  3,  Plants 
Discovering  Our  World , Boo\  One:  Unit  1, 
How  Are  the  Things  of  the  World  Put  in 
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Groups?  Unit  2,  Why  Do  All  Living  Things 
Need  Air  and  Water?  Unit  8,  How  Do  Ani- 
mals and  Plants  Grow? 

Discovering  Our  World , Boo\  Two:  Unit  1, 
How  Do  Living  Things  Help  and  Harm  Each 
Other?  Unit  8,  Where  Does  All  the  Food  o£ 
the  World  Come  From? 

General  concepts 

1.  A good  garden  is  carefully  planned. 

2.  Soil  must  be  prepared  for  planting. 

3.  Seeds  are  planted  in  different  ways,  de- 
pending on  the  plant  to  be  grown. 

4.  Growing  plants  must  be  given  care. 

5.  Plants  must  be  protected  from  their 
enemies. 

Introducing  the  unit  (Page  221) 

In  many  classes,  there  will  be  some  pupils 
who  have  made  a garden  or  seen  one  made. 
Ask  them  to  tell  the  class  such  things  as  the 
location  of  the  garden,  its  size,  kinds  of  plants 
grown,  and  care  given  to  the  plants.  They  may 
also  mention  some  of  the  tools  they  used. 

Then  have  the  pupils  read  and  discuss  page 
221.  Let  them  try  to  decide  why  each  rule  is 
important.  It  is  a good  idea  to  copy  the  rules 
on  a big  piece  of  paper,  as  suggested  in  the 
last  paragraph.  A committee  may  bring  seed 
catalogues  and  gardening  books  to  school. 

How  can  you  plan  a garden? 

(Pages  222-224) 

Concepts 

A good  garden  is  carefully  planned. 

a)  It  should  not  be  too  big  to  take  care  of 
properly. 

b ) It  should  not  produce  more  than  can 
be  used. 

c ) It  should  be  located  in  a sunny  spot 
with  good  soil 

Experiment 

Pages  223-224:  To  show  how  different  kinds 
of  soil  hold  water. 


Materials  : Three  lamp  chimneys,  three 
pieces  of  cloth,  string,  three  cups,  six  glasses, 
water,  sand,  clay,  loam. 

Information  for  the  teacher 

Many  pamphlets,  bulletins,  and  articles  are 
available  to  help  teachers  carry  out  the  projects 
suggested  in  this  unit.  Most  provincial  depart- 
ments of  agriculture  have  gardening  bulletins 
that  will  provide  information  on  local  crops 
and  conditions.  Write  to  the  department  of  agri- 
culture in  your  province,  and  to  the  Federal 
Department  of  Agriculture  at  Ottawa,  asking 
for  their  lists  of  publications.  Send  for  some 
of  their  bulletins  on  gardening.  Magazines  such 
as  Better  Homes  and  Gardens,  American 
Home,  and  the  Farm  Quarterly  should  be 
watched  for  articles  and  pictures  to  illustrate 
different  aspects  of  gardening  and  farming. 

Procedure 

This  problem  contains  the  necessary  infor- 
mation for  planning  a garden.  Pupils  may  ob- 
tain additional  information  from  seed  cata- 
logues and  gardening  books  as  suggested  in 
the  introduction  to  the  unit.  Let  the  children 
study  and  discuss  the  text  down  to  the  experi- 
ment on  page  223.  Then  they  should  perform 
the  experiment  and  draw  their  conclusions. 
The  text  may  then  be  read  to  check  their 
results. 

After  studying  the  diagrams  on  page  224 
and  reading  the  last  paragraph,  the  pupils 
should  draw  plans  for  their  gardens.  The  plans 
may  then  be  discussed  by  the  class  and  revised 
if  necessary. 

Questions  (Page  224) 

1.  So  you  will  not  start  a bigger  garden  than 
you  can  finish;  so  you  will  not  plant  too  much 
of  one  thing;  so  that  you  will  choose  a sunny 
spot  with  good  soil. 

2.  If  you  start  a large  garden  and  cannot 
take  care  of  it,  you  will  waste  time  and  money; 
planting  too  much  of  one  thing  also  wastes 
seed,  soil,  and  effort;  using  good  seed  on  bad 
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soil  wastes  the  seed  because  the  plants  will 
not  grow  properly. 

3.  Look  for  a place  where  the  sun  will  shine 
on  it  all  day  and  where  the  soil  is  mostly  loam. 

4.  If  there  is  water  in  the  soil  when  you  start 
the  experiment,  you  cannot  tell  how  much  of 
the  water  in  the  soil  at  the  end  of  the  experi- 
ment came  from  the  glass  of  water  and  how 
much  was  already  there.  Also,  all  three  soils 
must  be  alike  in  everything  but  kind  of  soil. 

5.  It  holds  water  better  than  sand  and 
drains  better  than  clay. 

How  do  we  get  the  soil  ready  for 
planting?  (Pages  225-228) 

Concepts 

Soil  must  be  prepared  for  planting. 

a)  It  must  be  loosened  and  broken  up  so 
that  seeds  can  be  planted  and  so  that  moisture 
will  soak  in. 

b)  Poor  soil  can  be  improved  by  making 
it  more  like  loam. 

c ) Lime  or  limestone  can  be  used  to  make 
soil  less  acid. 

d ) Minerals  can  be  put  back  in  the  soil 
by  using  fertilizer  or  rotating  crops. 

Experiments 

Page  226:  To  find  out  whether  soil  is  acid. 
Materials:  Moist  soil,  blue  litmus  paper. 
Page  227:  To  see  what  happens  when  fer- 
tilizer is  used. 

Materials:  Two  flowerpots  filled  with  worn- 
out  soil,  seeds,  fertilizer. 

Information  for  the  teacher 

Many  different  kinds  of  commercial  fertilizer 
are  available.  The  label  tells  what  the  fertilizer 
contains.  So-called  all-purpose  fertilizer  usually 
has  a high  percentage  of  nitrogen,  phosphorus, 
and  potassium,  elements  lacking  in  many  soils. 

Clover,  alfalfa,  soybeans,  cowpeas,  beans,  and 
peas  belong  to  the  group  of  plants  known  as 
legumes.  These  plants  put  nitrogen  back  into 
the  soil  because  of  certain  kinds  of  bacteria 
that  grow  in  little  swellings,  or  nodules,  on 


their  roots.  The  bacteria  (called  nitrogen- 
fixing) in  these  nodules  are  able  to  take  nitro- 
gen from  the  air  and  in  some  way  make  it  into 
a form  that  the  plant  can  use.  When  the  plant 
dies  and  decays,  this  nitrogen  is  returned  to  the 
soil  in  the  form  of  ammonia  or  nitrates.  Other 
plants  can  use  the  nitrogen  in  these  forms. 
In  this  way,  nitrogen  from  the  air,  which  most 
plants  are  unable  to  use,  is  made  available  to 
many  plants.  Alternating  or  rotating  a legumi- 
nous crop  with  other  crops  helps  keep  up  the 
nitrogen  supply  in  the  soil.  Farmers  often  in- 
oculate their  legume  seeds  with  cultures  of  the 
bacteria  to  insure  a good  growth  of  nodules. 

Procedure 

The  experiment  on  page  227  should  be  set 
up  and  allowed  to  continue  as  the  study  of  the 
unit  progresses. 

Let  the  pupils  read  and  discuss  the  text  down 
to  the  experiment  on  page  226.  Soil  for  the 
experiment  can  usually  be  obtained  from  low, 
swampy  land.  After  doing  the  experiment  with 
acid  soil,  the  children  should  read  and  discuss 
the  rest  of  the  problem.  Have  them  recall  from 
the  preceding  unit  and  earlier  science  experi- 
ments the  way  in  which  minerals  get  into 
plants  (through  the  roots  after  dissolving  in 
water  in  the  soil). 

Pupils  should  not  be  expected  to  remember 
what  the  various  elements  do  for  plants.  The 
important  idea  is  that  different  elements  help 
plants  in  different  ways.  Fertilizer  and  crop  ro- 
tation help  put  these  elements  back  in  the  soil. 
For  additional  activities,  see  Things  to  Do , 
page  245,  Nos.  1 and  9. 

Questions  (Page  228) 

1.  It  is  easier  to  plant  seeds;  water  soaks 
into  the  ground  more  easily. 

2.  Mix  some  clay  and  humus  with  it  to  make 
it  more  like  loam. 

3.  To  make  the  soil  less  acid. 

4.  All  the  time  that  they  are  growing.  When 
the  plants  die  and  decay  in  the  soil. 

5.  What  kind  of  fertilizer  and  how  much 
the  soil  needs. 
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6.  Alike:  Both  grow  plants  and  require  simi- 
lar care.  Different:  Farm  is  much  larger;  usu- 
ally has  fewer  crops;  uses  larger  machines. 

How  do  we  plant  a garden? 

(Pages  229-232) 

Concepts 

Seeds  are  planted  in  different  ways,  depend- 
ing on  the  plant  to  be  grown. 

a)  They  should  be  planted  in  straight 
rows  far  enough  apart  so  that  the  plants  can 
be  taken  care  of  easily. 

b)  They  should  be  planted  at  different 
depths,  depending  on  the  size  of  the  seeds. 

c ) They  should  be  planted  at  different 
times,  depending  on  the  kind  of  seed. 

d ) Some  seeds  should  be  started  early  in 
a greenhouse,  hotbed,  or  cold  frame;  the 
young  plants  can  then  be  transplanted  to  the 
garden. 

Information  for  the  teacher 
Transplanting  should  be  done  under  condi- 
tions that  will  prevent  wilting  as  much  as  pos- 
sible. A cloudy  day  or  evening  is  the  best 
time  for  transplanting.  If  the  soil  is  dry,  wet 
the  hole  thoroughly  before  putting  the  plant 
in.  However,  care  must  be  taken  that  the  soil 
is  not  muddied  or  it  will  cake  when  it  is 
pressed  down  around  the  plant. 

Procedure 

If  the  pupils  are  actually  making  a garden, 
they  should  study  this  problem  very  carefully 
to  get  information  about  planting  it.  The  pic- 
tures show  very  clearly  some  of  the  ways  of 
planting  the  garden  with  care.  If  possible,  the 
pupils  should  visit  a greenhouse,  as  suggested 
in  Things  to  Do,  page  245,  No.  2.  A hotbed  or 
a cold  frame  may  easily  be  made  by  following 
the  directions  on  page  231  and  referring  to  the 
picture.  An  old  storm  window  or  other  window 
sash  makes  a good  cover.  Every  child  should, 
if  possible,  have  the  experience  of  transplanting 
a young  plant.  For  an  additional  activity,  see 
Things  to  Do,  page  245,  No.  4. 


Questions  (Page  232) 

1.  No,  because  the  seeds  should  be  planted 
at  different  depths. 

2.  Lettuce,  beets.  Cucumbers,  beans,  corn. 

3.  (a)  Greenhouse,  which  is  a building  with 
glass  walls  and  roof  and  heated  by  the  sun  or 
a furnace.  When  the  sun  shines,  it  warms  the 
soil,  which  warms  the  air  and  keeps  the  plants 
growing.  ( b ) Hotbed,  a frame  with  a glass 
cover  in  which  are  soil  and  manure.  The  soil 
is  heated  by  the  sun  and  by  the  manure  as  it 
decays,  (e)  Cold  frame,  similar  to  a hotbed, 
but  without  manure. 

4.  Take  up  the  plant  with  enough  soil 
around  the  roots  so  that  you  will  not  injure 
the  root  hairs;  make  a hole  in  the  soil,  put  in 
the  plant,  and  pack  the  soil  down  firmly. 

How  do  we  take  care  of  growing 
plants?  (Pages  233-238) 

Concepts 

Growing  plants  must  be  given  care. 

a)  Plants  in  rows  must  be  thinned  to  give 
each  plant  plenty  of  room  to  get  sun,  water, 
and  minerals. 

b)  Trees  and  other  plants  can  be  pruned 
so  that  the  branches  that  are  left  will  get 
more  sunlight  and  water. 

c ) Cultivating  the  soil  gets  rid  of  weeds, 
lets  air  down  to  the  roots  of  plants,  allows 
water  to  soak  into  the  soil,  and  helps  keep 
water  from  getting  out  of  the  soil. 

d)  The  soil  must  be  watered,  irrigated,  or 
drained  according  to  whether  it  is  too  dry 
or  too  wet. 

Experiments 

Pages  235-236:  To  see  how  cultivating  helps 
keep  the  soil  from  drying  out. 

Materials  : Garden  soil,  flour  sieve,  two  lamp 
chimneys,  flat  pan,  water. 

Pages  237-238:  To  show  what  happens  when 
plants  get  too  much  water. 

Materials:  Two  flowerpots  just  alike  with 
holes  in  bottoms,  small  stones,  two  plants  just 
alike,  soil,  water,  cork  to  fit  hole  in  pot. 
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Procedure 

This  problem  gives  information  essential  to 
the  care  of  growing  plants.  The  pupils  should 
study  the  text  and  the  pictures  carefully  for 
the  practical  information  that  they  give.  If 
possible,  the  pupils  should  also  observe  an  ex- 
perienced gardener  as  he  trims  and  prunes 
plants,  weeds,  etc. 

The  experiment  on  pages  235-236  should  be 
performed  and  conclusions  drawn.  The  next 
experiment,  pages  237-238,  should  be  set  up  be- 
fore the  problem  is  studied  so  that  observations 
may  be  made  at  this  time. 

If  irrigation  or  dry  farming  is  practiced  in 
the  community,  a field  trip  to  see  how  it  is 
done  would  be  valuable.  See  also  T kings  to  Do , 
page  245,  No.  7. 

Questions  (Page  238) 

1.  If  they  are  too  close  together,  none  can  get 
enough  sunlight,  water,  and  minerals. 

2.  You  will  get  bigger  tomatoes.  Pinch  off 
the  little  shoots,  or  suckers,  that  grow  out  where 
the  big  leaves  come  from  the  stem. 

3.  Sunlight,  water,  minerals,  and  oxygen. 
By  planting  in  a sunny  place,  thinning,  water- 
ing, fertilizing,  and  cultivating. 

4.  To  get  rid  of  weeds  that  keep  plants  from 
getting  enough  sunlight,  water,  and  minerals. 
To  let  air  down  to  the  roots  so  that  plants  can 
get  oxygen.  To  let  water  into  the  soil  and  keep 
it  there  so  that  plants  can  get  water. 

5.  When  the  soil  is  too  full  of  water,  air  can- 
not get  to  the  roots.  The  roots  rot,  and  the 
plants  die. 

6.  By  using  ditches  or  tile  to  carry  off  the 
water. 

How  are  plants  protected  from  their 
enemies?  (Pages  239-244) 

Concepts 

Plants  must  be  protected  from  their  enemies. 

a)  Weeds  can  be  destroyed  by  pulling 

them  up,  by  destroying  their  seeds,  cultivat- 
ing the  soil,  or  using  chemicals. 
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b)  Birds  are  protectors  of  plants,  because 
they  eat  weed  seeds  and  harmful  insects. 

c ) Insect  pests  can  be  killed  by  different 
poisons,  depending  on  how  they  eat. 

d ) Plants  must  be  protected  from  certain 
fungi  that  give  them  diseases. 

Observations 

Page  241 : To  see  how  a sucking  insect  eats. 
Materials:  Plant  with  aphids  on  it,  magni- 
fying  glass. 

Information  for  the  teacher 

Pictures.  Page  239.  These  weeds  may  have 
different  common  names  in  different  localities. 
Some  of  the  alternative  names  are : 

Crab  grass : finger  grass,  crowfoot  grass, 
pigeon  grass,  Polish  millet. 

Field  sorrel:  sheep  sorrel,  red  sorrel,  sour 
weed,  cow-sorrel,  horse  sorrel. 

Plantain : common  plantain,  birdseed  plan- 
tain, broadleaf  plantain,  dooryard  plantain, 
greater  plantain,  roundleaf  plantain. 

Purslane:  pursley,  pussley,  purslain. 

Quac\  grass:  couch  grass,  witch  grass,  wheat 
grass,  knot  grass,  skutch  grass. 

Shepherd’s  purse:  English  shepherd’s  bag, 
lady’s  purse,  rattle  pouches,  case  weed,  pepper- 
and-salt,  blind  weed. 

Page  240.  Weed  and  insect-destroying  birds. 
Bobwhite  quail:  In  Canada,  found  only  in 
southern  Ontario;  not  a common  bird.  It  eats 
insects  when  young  and  weed  seeds  when  adult. 

Eastern  goldfinch:  Also  called  yellow  bird, 
thistle  bird,  wild  canary,  catnip  bird,  lettuce 
bird,  shiner,  peet  bird,  salad  bird,  or  American 
goldfinch.  In  winter  it  feeds  on  weed  seeds  and 
in  summer  adds  several  harmful  insects  such 
as  plant  lice,  canker  worms,  small  grasshoppers, 
and  beetles  to  its  diet  of  seeds  of  dandelions, 
thistles,  ragweed,  and  other  weeds. 

Blac\-capped  chickadee:  Also  called  com- 
mon chickadee,  eastern  chickadee,  black-capped 
titmouse,  black-capped  tit.  It  eats  both  insects 
and  seeds  but  a larger  proportion  of  insects. 
These  include  several  very  harmul  insects 
such  as  the  eggs  of  the  tent  caterpillar, 


eggs  and  adults  of  plant  lice,  and  weevils  of 
several  kinds. 

Western  meadowlar\ : Also  called  common 
meadowlark,  field  lark  of  the  west,  lark  of 
the  west.  It  is  found  in  the  southern  Prairie 
Provinces  and  British  Columbia.  Its  rich  war- 
bling song  distinguishes  it  from  the  similar  east- 
ern meadowlark.  The  food  of  the  western 
meadowlark  consists  largely  of  harmful  insects, 
such  as  grasshoppers  and  the  caterpillars  of 
other  pests.  It  eats  the  seeds  of  many  harmful 
weeds,  too. 

Tree  sparrow:  Also  called  snow  chippy, 
winter  chip-bird,  winter  chippy,  tree  bunting, 
Canada  sparrow,  Arctic  chipper,  winter  spar- 
row. It  is  found  throughout  eastern  North 
America,  frequently  remaining  in  large  numbers 
in  Canada  for  the  winter.  This  bird  destroys 
enormous  numbers  of  weed  seeds.  Scientists 
have  estimated  that  tree  sparrows  eat  thousands 
of  tons  of  weed  seeds  every  year  in  the  agricul- 
tural areas  of  eastern  Canada.  It  gets  its  wintry 
names  from  the  fact  that  it  spends  the  winters 
in  the  temperate  zone  and  may  often  be  seen 
feeding  on  the  weeds  that  stick  up  above  the 
snow. 

Cardinal : Also  called  redbird,  cardinal  gros- 
beak, crested  redbird,  Virginia  nightingale, 
Virginia  cardinal,  Kentucky  cardinal,  cardinal 
bird.  This  is  a bird  of  the  south,  being  found 
in  Canada  only  in  southern  Ontario  and  Quebec 
and  the  Maritimes.  Evidence  shows  that  in 
recent  years  its  range  has  extended  northward. 
In  most  of  its  range  it  remains  in  winter, 
and  is  the  most  colorful  winter  bird.  It 
is  the  only  native  bird  with  a red  crest.  It  is  a 
very  valuable  bird  in  insect  and  weed  control. 
Among  the  harmful  insects,  it  eats  the  Colo- 
rado potato  beetle,  the  periodical  cicada,  cotton 
worm,  scale  insects,  zebra  caterpillar  of  the 
cabbage,  cucumber  beetle,  corn-ear  worm,  cot- 
ton cutworm,  codling  moth,  boll  weevil,  and 
others.  It  also  eats  seeds  of  a number  of  weed 
pests. 

Page  241.  Chewing  insects  do  not  have  teeth. 
They  have  hard  jaws  with  a toothed  edge  for 
chewing  and  grinding.  The  actual  sizes  of  the 


insects  shown  in  this  picture  are  approximately 
as  follows:  Colorado  potato  beetle,  % in.; 
striped  cucumber  beetle,  % green  cater- 
pillar, 1 in.;  bean-leaf  beetle,  5Ae  in.;  malaria 
mosquito,  Vs  to  1 in.  depending  on  species; 
squash  bug,  % in.;  potato-plant  aphid,  % in.; 
dog-day  cicada,  2 in.;  grape-leaf  hopper,  ]/8  in. 

Page  242.  Tent  caterpillars  are  chewing  in- 
sects. They  are  widely  found  on  wild  cherry, 
chokecherry,  or  apple  trees.  The  adult  lays  the 
eggs  in  the  fall.  The  caterpillars  hatch  in  the 
spring.  They  soon  spin  the  huge  web,  or  tent, 
usually  in  the  fork  of  a tree.  All  the  caterpillars 
from  one  lot  of  eggs  remain  together  in  this 
tent  until  they  are  nearly  full-grown.  It  acts  as 
a shelter  from  which  they  emerge  to  feed  when 
it  is  not  too  cool. 

Page  245.  Tomato  horn  worm.  A widely  dis- 
tributed insect  that  does  much  damage  in  some 
areas. 

Text.  Pamphlets  which  show  important  pests 
of  vegetable  plants  and  give  methods  of  control 
are  available  from  provincial  and  federal  depart- 
ments of  agriculture.  Check  your  lists  of  publi- 
cations from  these  departments  and  send  for 
pamphlets  about  garden  insects  in  your  area. 
Seed  stores  and  manufacturers  of  garden  in- 
secticides also  have  bulletins  on  insect  control. 

The  teacher  should  stress  the  fact  that  DDT 
must  be  used  carefully  and  according  to  direc- 
tions. Indiscriminate  use  under  improper  condi- 
tions can  prove  dangerous  to  people  and  ani- 
mals. Certain  basic  precautions  should  be 
observed,  especially  when  using  DDT  in  the 
home : Keep  it  away  from  food ; avoid  inhaling 
it;  keep  it  away  from  open  flames  and  avoid 
smoking  when  spraying  with  it — there  is  a fire 
hazard;  be  careful  not  to  spill  the  oil  solution 
on  the  skin,  but  wash  at  once  if  you  do;  never 
use  the  oil  solution  on  animals;  do  not  use  it  in 
any  form  on  cats;  remove  canaries  and  goldfish 
from  the  room  while  spraying. 

Procedure 

This  problem  gives  pupils  an  opportunity  to 
extend  and  apply  information  learned  in  Unit 
1,  How  Do  Living  Things  Help  and  Harm 
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Each  Other?  Have  pupils  recall  this  informa- 
tion. If  necessary,  they  should  reread  pages  22, 
28,  29,  30,  31,  32. 

Then  have  the  children  study  the  text  and 
examine  the  pictures,  which  will  help  them 
learn  to  recognize  common  weed  and  insect 
pests  as  well  as  helpful  birds.  Be  sure  to  stress 
the  fact  that  many  insect  poisons  are  also  poi- 
sonous to  people,  pets,  and  farm  animals.  Pu- 
pils may  wish  to  watch  an  experienced  gar- 
dener use  insect  poisons.  They  can  discuss 
with  him  how  to  decide  which  poison  to  use 
and  how  to  use  it.  For  additional  activities,  see 
Things  to  Do,  page  245,  Nos.  3,  5,  6,  8,  10, 
and  11. 

Questions  (Page  244) 

1.  Weeds  keep  plants  from  getting  enough 
sunlight,  water,  and  minerals.  Pulling  them 
out,  cultivating,  using  chemicals,  protecting 
birds  that  eat  weed  seeds. 

2.  Where  they  live,  what  they  eat,  where 
they  lay  their  eggs,  how  they  change  as  they 
grow.  Scientists  must  know  these  things  so  that 
they  will  know  how,  where,  and  when  the 
insects  can  successfully  be  killed. 

3.  Suck  sap;  eat  leaves. 

4.  Cucumber  beetle,  cabbage  worm,  potato 
beetle:  stomach  poison.  Aphid:  contact  poison. 

5.  It  kills  both  sucking  and  chewing  insects 
but  does  not  harm  people,  pets,  or  farm  ani- 
mals. 

6.  By  eating  weed  seeds  and  insects. 

Questions  to  answer  (Page  244) 

1.  Answers  individual  but  should  show  use 
of  concepts  taught  in  the  unit. 

2-3.  Answers  will  vary.  Ask  local  farmers  or’ 
agricultural  representatives.  Check  reports  of 
departments  of  agriculture  if  necessary. 

4.  They  would  probably  not  be  so  success- 
ful, for  gardeners  and  farmers  could  not  know 
what  was  lacking  in  the  soil,  how  to  improve 
it,  how  to  control  weeds,  insects,  and  plant 
diseases. 

5.  Yes,  because  the  fish  would  decay  and  pro- 
vide minerals  for  the  plants. 


6.  Sour  clay:  add  sand  or  ashes,  humus,  and 
lime  or  limestone.  Sandy:  mix  clay  and  humus 
with  it. 

7.  North  so  that  the  tall  corn  plants  would 
not  shade  the  other  plants. 

Things  to  do  (Page  245) 

1.  Growing  plants  without  soil  is  known  as 
hydroponics  or  soilless  culture.  Information 
may  be  found  under  this  heading  in  encyclo- 
pedias or  books  on  growing  plants. 

2 and  4.  Individual  or  group  activities. 
Two  trips  might  be  made.  Or  if  time  and 
opportunity  are  limited,  both  of  these  activities 
might  be  combined  in  one  trip  by  careful  plan- 
ning. 

3.  Most  provincial  departments  of  agri- 
culture have  bulletins  describing  the  common 
weed  and  insect  pests  of  the  province. 

5.  Individual  or  group  activity.  A scrapbook 
or  exhibit  can  be  made  of  the  articles. 

6.  Many  magazines  have  articles  on  DDT, 
A librarian  will  help  the  children  find  them 
with  the  help  of  the  Readers’  Guide  to  Periodical 
Literature . 

7.  For  this  information,  consult  a rainfall 
map  in  an  atlas  or  a textbook  of  Canadian 
geography. 

8.  See  Bibliography  for  books  that  will  help 
in  identification  of  birds  and  tell  about  their 
feeding  habits. 

9.  Individual  or  group  activity.  Pictures  of 
farm  machines  are  plentiful  in  many  of  the 
common  magazines.  They  may  also  be  ob- 
tained from  farm  equipment  manufacturers. 
The  uses  can  be  learned  by  consulting  encyclo- 
pedias or  a good  dictionary. 

10.  Consult  encyclopedias,  high-school  biol- 
ogy or  botany  texts.  In  the  encyclopedias,  the 
information  may  be  under  the  heading  of  plant 
diseases  or  fungi. 

11.  See  6 above  for  sources  of  information. 
Articles  on  weed  killers  will  cover  this  chem- 
ical. When  sprayed  on  broad-leaved  plants,  it 
kills  even  their  roots.  It  is  especially  good  for 
lawns  and  for  certain  farm  crops  because  it  will 
not  harm  grasses  or  corn,  etc. 
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SUGGESTIONS  FOR  TEACHING  THE  UNITS 


IN 


Discovering  Our  World 


BOOK  3 


SUGGESTIONS  FOR  TEACHING  THE  UNITS 


This  part  of  the  Guideboo\  gives  specific  in- 
formation and  suggestions  for  teaching  the 
individual  units  in  Discovering  Our  World, 
Boo\  3.  In  reading  the  section  on  Philosophy 
and  Technique,  the  teacher  has  become  ac- 
quainted with  the  general  suggestions  for  hand- 
ling the  various  types  of  teaching  situations 


(starting  new  units  or  problems,  doing  experi- 
ments, etc.),  that  will  arise  in  teaching  the  units, 
and  she  can  refer  to  the  appropriate  sections  as 
these  situations  arise.  Applying  these  general 
suggestions,  together  with  the  specific  sugges- 
tions for  the  section  being  studied,  will  help  the 
teacher  approach  the  situation  with  confidence. 


Using  the  Introduction  ( Pages  6-7 ) 


By  the  time  boys  and  girls  enter  the  sixth 
grade,  the  world  around  them  is  assuming  a 
more  fascinating  form  because  their  fund  of 
knowledge,  both  from  books  and  from  experi- 
ence, has  so  grown  as  to  give  them  a more 
understanding  attitude  toward  what  they  see. 
They  have  developed  interests  and  hobbies, 
many  of  which  can  be  used  to  increase  their 
curiosity  about  science  and  to  help  develop 
skills  that  are  valuable  in  studying  science. 
Such  a hobby,  for  example,  is  the  making  of 
model  planes,  which  is  of  great  interest  to  both 
boys  and  girls.  Developing  the  understanding 
of  what  makes  a plane  fly,  offers  an  excellent 
opportunity  to  show  how  the  principles  learned 
in  the  classroom  are  applied  to  situations  in 
everyday  life. 

Working  with  their  hobbies  brings  out  again 
that  it  is  not  necessary  to  go  far  from  home  to 
“discover  a bigger  world.”  If  the  members  of 
each  science  class  explore  the  possibilities  of 
their  own  community,  they  will  find  many  op- 
portunities for  developing  interests.  Parks, 
museums,  forest  preserves,  manufacturing 
plants,  power  plants,  waterworks,  etc.,  will 
help  city  children  become  as  well  acquainted 
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with  the  world  around  them  as  children  who 
live  in  or  near  the  country. 

And  further,  these  hobbies,  if  carried  out 
constructively,  will  give  new  meaning  to  the 
attempt  to  develop  a scientific  way  of  solving 
problems.  The  requirements  for  good  experi- 
menting have  been  stressed  in  earlier  books  of 
the  Discovering  Our  World  series.  But  these 
rules  can  be  given  new  meaning  by  asking  how 
they  apply,  for  example,  to  making  a model 
plane  that  will  fly.  Perhaps  some  boys  are  inter- 
ested in  other  machines,  or  girls  are  having 
their  first  experiences  with  cooking.  Any  of 
these  interests  can  be  used  to  concrete  the  ideas 
in  column  two  of  page  7 by  bringing  out  in 
discussion  how  following  these  rules  can  lead 
to  the  desired  results. 

On  page  6,  note  the  reference  to  the  table 
of  contents.  It  is  worth  while  to  spend  a few 
minutes  going  over  the  contents  to  give  the 
children  a bird’s-eye  view  of  the  year’s  work. 
Brief  mention  should  be  made  of  the  list  of 
Science  Words  on  page  295  and  of  the  Index  on 
page  299,  even  though  from  prior  experience 
with  the  Discovering  Our  World  books,  the 
children  may  be  familiar  with  these  features. 


UNIT  JLo  What  Makes  Sound? 


Purpose  and  scope 

This  unit  presents  simple  explanations  for 
many  of  the  things  that  pupils  observe  about 
sounds  in  their  environment.  It  will  broaden 
their  interests  in  this  phenomenon  and  give 
plenty  of  opportunity  for  first-hand  contacts 
with  sound.  The  pupils  who  take  music  les- 
sons will  have  much  to  offer  to  their  class- 
mates. They  should  be  urged  to  bring  their 
musical  instruments  to  class  and  to  demonstrate 
how  these  instruments  make  sounds  and  how 
the  sounds  can  be  changed.  There  are  many 
opportunities  for  individual  investigations  and 
experiments  by  interested  pupils.  The  subject 
of  sound,  in  all  probability,  is  new  to  most 
of  the  pupils  and  perhaps  even  to  the  teacher. 
The  text  is  kept  simple  and  non-technical  for 
this  reason. 

Before  proceeding  far  in  the  unit,  the  teacher 
will  do  well  to  look  ahead  and  work  out  with 
the  pupils  a schedule  for  bringing  things 
(musical  instruments,  etc.)  to  class  as  well  as 
for  constructing  simple  experimental  equip- 
ment. 

Science  background 

Discovering  Our  World,  Boo\  One:  Unit  3, 
How  Does  Your  Body  Work?  Unit  7,  How 
Can  You  Keep  Well? 

General  concepts 

1.  All  sound  is  made  by  vibration. 

2.  Sound  travels  by  vibrations  in  the  air, 

called  sound  waves.  n 

3.  The  pitch  of  a sound  depends  on  the 
speed  of  vibration.  The  faster  a material  vi- 
brates, the  higher  the  sound  it  produces. 

4.  The  loudness  or  softness  of  a sound  de- 
pends on  how  hard  the  object  is  vibrating, 
that  is,  how  far  back  and  forth  it  is  moving. 
A material  can  be  made  to  vibrate  with  more 
force  by  striking  it  harder. 


5.  All  musical  instruments  produce  sounds 
by  making  the  air  vibrate. 

6.  We  hear  sounds  because  the  sound  waves 
travel  to  our  ears  and  make  the  inner  parts 
vibrate.  Nerves  carry  the  message  of  the  vibra- 
tions to  the  brain,  which  interprets  them  into 
meanings. 

7.  It  is  very  important  to  take  good  care  of 
our  ears. 

Introducing  the  unit  (Pages  9-10) 

Experiments 

Pages  9-10:  To  observe  different  kinds  of 
sound  makers. 

Materials  : Ruler,  triangle,  rubber  band, 
tuning  fork,  etc. 

Information  for  the  teacher 

A general  science  book  or  physics  book  will 
give  additional  background  for  the  under- 
standing of  the  phenomena  of  sounds.  Also  see 
Bibliography  on  page  252  of  this  Guideboo\. 

Procedure 

The  procedure  suggested  on  page  9 of  having 
each  pupil  bring  one  sound-making  thing  to 
class  is  a good  way  to  begin  the  unit.  The 
simple  demonstrations  with  a ruler,  rubber 
band,  triangle,  etc.,  may  be  done  as  suggested 
in  the  book.  Have  the  children  read  pages  9-10. 
Then  the  questions  at  the  ends  of  the  first 
and  second  paragraphs  on  page  10  may  be  dis- 
cussed as  a preliminary  to  the  first  problem  in 
the  unit. 

How  are  all  sounds  alike? 

(Pages  10-12) 

Concept 

All  sound  is  made  by  vibration. 

Experiments 

Pa6es  10-11:  To  observe  that  the  prongs  of  a 
tuning  fork  vibrate  when  they  are  struck. 
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Materials:  Tuning  fork  (small  size),  pan 
or  dish  of  water;  tuning  fork,  piece  of  cork, 
thread,  needle. 

Page  11:  To  observe  what  happens  when  a 
rubber  band  stops  vibrating. 

Material  : Rubber  band. 

Procedure 

This  first  problem  helps  pupils  learn  that 
sounds  are  produced  by  vibrations.  To  intro- 
duce the  problem,  have  the  pupils  do  the  two 
experiments  pictured  at  the  top  of  page  11. 
Each  pupil  should  have  these  simple  experi- 
ences himself,  if  possible,  either  during  class 
or  out  of  class.  Let  pupils  observe  carefully 
and  report  their  observations.  They  should  then 
read  the  paragraph  that  explains  the  meaning 
of  vibrations  and  perform  the  experiment  with 
the  rubber  band.  To  check  their  findings,  have 
the  pupils  read  and  discuss  the  text. 

Questions  (Page  12) 

1.  Move  back  and  forth  very  fast.  Pulling 
or  striking. 

2.  Touch  it. 

3.  All  are  vibrating.  A tuning  fork  that  is 
making  sound  will  splatter  water  or  will  move 
a cork  that  is  hanging  near  it. 

How  do  living  things  make  sounds? 
(Pages  12-14) 

Concepts 

1.  In  people  and  most  higher  animals,  sound 
is  produced  by  vibration  of  vocal  cords. 

2.  In  many  insects,  sound  is  made  by  vibra- 
tion of  wing  parts. 

Experiment 

Page  13:  To  show  how  moving  air  causes 
vibration. 

Materials  : Blades  of  grass  or  small  strips  of 
paper  or  cellophane. 

Information  for  the  teacher 

Pictures.  Page  12.  The  voice  box  is  the  lar- 
ynx. The  vocal  cords  stretch  across  the  larynx. 

152  GUIDEBOOK  FOR  BOOK  THREE 


Page  13.  Left.  Frogs  have  vocal  cords.  The 
sac  on  the  throat,  called  a vocal  sac,  acts  as  a 
resonator,  which  makes  the  sound  louder. 
Right.  This  species  of  click  beetle  is  called  the 
Eyed  Elator  because  of  the  two  large  black 
marks  that  resemble  eyes. 

Procedure 

“How  do  you  make  sound?”  might  be  dis- 
cussed by  the  class  in  preparation  for  reading 
these  pages.  Let  pupils  hum  a tune  and  feel 
their  throats  as  they  do  so.  The  experience  of 
saying  the  alphabet  will  help  pupils  gain  a 
clearer  picture  of  how  they  produce  sound.  If 
possible,  have  pupils  observe  some  of  the 
common  sound-making  insects  and  try  to  see 
how  they  produce  sounds.  If  this  is  not  possible, 
let  them  study  the  pictures  on  pages  13  and  14. 
Then  they  should  read  pages  12-14  to  clarify 
the  ideas.  See  also  Things  to  Do,  page  31,  Nos. 
1,  3,  and  10. 

Questions  (Page  14) 

1.  You:  by  vibrating  the  vocal  cords  in  your 
voice  box.  Bird:  by  vibrating  its  vocal  cords. 
Katydid:  by  rubbing  its  wings  together.  Bee: 
by  moving  its  wings  up  and  down  very 
rapidly. 

2.  All  are  caused  by  something  vibrating. 

3.  High  or  low,  soft  or  loud. 

4.  By  using  teeth,  lips,  and  tongue  with  the 
help  of  the  brain. 

How  do  sounds  travel?  (Pages  15-17) 

Concepts 

Sound  travels  by  vibrations  in  the  air  called 
sound  waves. 

a)  Sound  waves  travel  in  all  directions  from 
a thing  that  is  vibrating. 

b)  Sound  waves  travel  through  solids,  liq- 
uids, and  gases. 

c ) Sound  travels  at  a speed  of  about  1100 
feet  per  second  in  the  air. 

Experiments 

Page  15:  To  show  that  sound  waves  travel 
through  the  air. 


Materials:  Two  tuning  forks  (small  size), 
two  small  wooden  boxes  open  at  one  end,  stick, 
rubber  stopper  or  cork. 

Pages  15-16:  To  show  that  sound  waves  travel 
in  all  directions. 

Material:  Bell. 

Pages  16-17:  To  find  out  whether  sound 
travels  in  solid  materials. 

Materials:  Yardstick,  tuning  fork,  piece  of 
cloth. 

Procedure 

Have  the  pupils  do  the  experiment  with  the 
two  boxes  described  on  page  15  to  find  out  that 
sound  does  travel  through  air.  The  experience 
described  with  the  bell  will  also  make  real  the 
idea  that  sound  travels  in  all  directions  from 
its  source. 

After  doing  these  things,  pupils  may  read 
the  experiences  of  the  boys  who  were  in  swim- 
ming. In  preparation  for  that,  the  pupils  may 
try  to  answer  this  question:  “Can  sounds  travel 
through  water?”  After  this  discussion,  pupils 
may  wish  to  try  a similar  experience,  if  there 
is  a swimming  pool  available. 

To  see  if  sounds  travel  through  solids,  have 
pupils  do  the  experiments  described  on  pages 
16-17.  A necktie  works  well  for  the  experiment 
suggested  at  the  top  of  page  17.  After  the 
pupils  have  done  these  experiments,  have  them 
read  and  discuss  the  remainder  of  the  problem. 

Questions  (Page  17) 

1.  By  making  something  vibrate  so  that  the 
air  near  it  vibrates. 

2.  Without  air  around  the  bell,  sound  waves 
cannot  travel  from  the  bell  to  you. 

3.  Describe  the  experiment  with  tuning 
forks  on  page  15  or  with  a yardstick  and  tuning 
fork  on  pages  16-17;  tell  about  Henry  and  the 
radiator  signal,  about  Bob  and  Jerry’s  experi- 
ence with  the  rocks  in  the  water,  or  about 
sounds  that  can  be  heard  clearly  by  putting 
an  ear  to  the  ground. 

4.  Hard  solids.  Liquids. 

5.  About  15  seconds. 


How  can  we  control  sound  waves? 
(Pages  18-19) 

Concepts 

1.  Sound  waves  can  be  guided  to  travel  in 
certain  directions. 

2.  Sound  waves  can  be  reflected  to  make 
an  echo. 

3.  Echoes  in  rooms  can  be  prevented  by 
using  special  materials  on  the  walls  and  ceil- 
ings. 

Experiments 

Page  18:  To  show  that  sound  waves  can  be 
guided. 

Materials:  Megaphone  or  piece  of  card- 
board, watch. 

Procedure 

The  experiences  with  the  megaphone  de- 
scribed here  will  help  pupils  understand  how 
sounds  may  be  controlled.  They  have  probably 
all  had  experiences  with  echoes.  Pupils  will  be 
interested  in  finding  out  how  the  school  audi- 
torium and  the  other  public  rooms  that  they 
use  are  made  free  from  echoes.  Samples  of 
different  kinds  of  sound-proofing  materials 
might  be  examined.  Have  the  pupils  read  pages 
18-19  to  check  their  findings. 

Questions  (Page  19) 

1.  By  using  a megaphone  or  something  that 
acts  like  one,  such  as  your  cupped  hands. 

2.  It  helps  guide  the  sound  waves  into  their 
ears. 

3.  Sound  waves  made  by  something  vibrat- 
ing travel  through  the  air  until  they  strike  a 
hard  surface.  They  are  then  reflected  or  thrown 
back  through  the  air  to  you. 

4.  If  sound  waves  are  thrown  back  and 
forth  several  times,  they  become  jumbled  so 
that  we  cannot  hear  clearly.  By  using  soft 
materials  or  materials  with  rough  surfaces  that 
do  not  reflect  sound  so  well  as  those  with  hard, 
smooth  surfaces. 
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Why  are  sounds  different? 

(Pages  20-23) 

Concepts 

1.  The  highness  or  lowness  of  a sound  de- 
pends on  the  speed  of  vibration.  The  faster  a 
material  vibrates,  the  higher  the  sound  it 
produces. 

a)  Thin  materials  can  vibrate  faster  than 

thick  ones. 

b ) The  more  tightly  a material  is  stretched, 

the  faster  it  can  vibrate. 

c ) Short  lengths  of  a material  can  vibrate 

faster  than  long  ones. 

2.  The  loudness  of  sound  depends  on  how 
hard  the  object  is  vibrating,  that  is,  how  far 
back  and  forth  it  is  moving.  A material  can 
be  made  to  vibrate  with  more  force  by  striking 
it  harder. 

Experiments 

Page  20:  To  show  why  some  sounds  are  high 
and  others  low. 

Materials:  Chalk  box,  three  rubber  bands 
of  the  same  length  but  of  different  widths, 
xylophone. 

Page  21 : To  show  why  some  sounds  are  high 
and  others  low. 

Materials  : Three  rubber  bands  of  same 
length  and  width,  three  spools,  pencil. 

Pages  22-23:  To  find  out  why  some  sounds 
are  louder  than  others. 

Materials  : See  experiments  for  pages  9 
and  11. 

Information  for  the  teacher 

If  any  pupil  has  a toy  xylophone,  ask  him 
to  bring  it  to  class  for  this  problem.  It  is  a 
good  idea  to  have  several  of  these  xylophones, 
since  there  are  different  types.  In  some  toy 
xylophones,  the  bars  are  all  the  same  width. 
In  others,  the  bars  that  make  the  higher  tones 
are  narrower  as  well  as  shorter  than  the  ones 
that  make  the  lower  tones.  It  is  this  type  that 
is  needed  for  the  experiments  here. 

The  materials  for  the  experiment  on  page 
21  are  easily  put  together.  The  spools  are 
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placed  on  the  pencil  and  the  bands  wound 
around  them  to  stretch  the  bands  to  a greater 
or  less  degree. 

Procedure 

Pupils  will  want  to  give  their  own  ideas 
about  why  sounds  are  different  from  each 
other.  Those  who  take  music  lessons  will  have 
ideas  to  contribute.  After  the  discussion,  in 
order  to  determine  which  ideas  are  correct, 
pupils  should  perform  the  experiment  described 
on  page  20,  answer  the  questions,  and  read  to 
the  next  experiment  on  page  21.  Here  the 
pupils  will  discover  another  reason  why  sounds 
are  different.  A xylophone  or  violin  brought  to 
school  will  help  make  this  idea  clear. 

Have  the  pupils  read  to  the  end  of  the  third 
paragraph  on  page  22.  Then  they  should  do 
the  experiments  mentioned  in  the  next  two 
paragraphs.  To  check  their  findings,  the  chil- 
dren should  then  read  to  the  end  of  page  23. 
For  additional  activities,  see  Things  to  Do, 
page  31,  Nos.  2,  4,  and  5. 

Questions  (Page  23) 

1.  Thin  string.  Short  string.  Tight  string. 

2.  One  that  vibrates  slowly. 

3.  Tighten  it. 

4.  By  sending  air  past  your  vocal  cords  with 
less  force  so  that  they  vibrate  a shorter  distance 
back  and  forth. 

How  do  musical  instruments  make 
sounds?  (Pages  24-29) 

Concepts 

All  musical  instruments  produce  sounds  by 
making  the  air  vibrate. 

a)  In  stringed  instruments,  the  sounds  are 
made  by  vibration  of  the  strings.  Differences 
in  length,  thickness,  and  tightness  of  the  strings 
make  sounds  that  are  high  or  low. 

b ) In  the  wind  instruments,  the  sounds  are 
produced  by  vibrations  of  a column  of  air  in- 
side the  instrument.  The  length  of  the  column 
of  air  can  be  changed  to  make  high  or  low 
sounds. 


Experiments  and  observations 

Pages  24-27:  To  show  how  different  sounds 
are  made  by  musical  instruments. 

Materials:  Violin,  piano,  xylophone,  flute, 
saxophone. 

Pages  27-28:  To  show  how  long  and  short 
columns  of  air  make  different  sounds. 

Materials  : Eight  test  tubes  (or  small  bottles 
or  glasses)  of  same  size,  test-tube  rack,  water. 

Information  for  the  teacher 

Pictures.  Page  24.  In  the  picture  of  this  chil- 
dren’s orchestra,  the  following  instruments  may 
be  seen:  first  row , five  violins,  two  cellos; 
second  row,  two  violins,  one  saxophone,  four 
clarinets,  five  violins;  third  row,  two  flutes, 
three  trombones,  three  trumpets,  one  French 
horn;  bac\  row,  kettle  drum,  snare  drum,  cym- 
bals, bass  drum,  piano,  and  bass  viol. 

Page  25.  Violin. 

Page  26.  Flute  with  keys. 

Page  28.  Right,  trombone. 

The  following  chart  gives  information  about 
various  musical  instruments. 


Instrument 

What  Vibrates 

How  High  and  Low 
Sounds  Are  Produced 

Violin 

Strings 

Thin  and  thick  strings 
can  be  shortened  or 
lengthened 

Piano 

Strings 

Hammers  strike  wires  of 
different  length,  tight- 
ness, and  thickness 

Xylophone 

Wooden  bars 

Hammers  strike  long 
and  short  bars 

Flute 

Column  of  air 

Fingers  or  keys  over 
holes  in  tube  change 
length  of  column  of  air 

Saxophone 

Reed,  column  of 
air 

Keys  change  length  of 
column  of  air 

Trombone 

Lips,  column  of 
air 

Part  of  instrument  slides 
to  change  length  of  the 
air  column;  lips  change 

Tuba,  Cornet, 

Lips,  column  of 

Valves  change  length  of 

Bugle,  or 
Trumpet 

air 

air  column;  lips  change 

Text.  In  a wind  instrument,  such  as  a flute, 
the  length  of  the  air  column  is  changed  by 
allowing  air  to  escape  or  preventing  air  from 
escaping  from  the  tube.  When  all  the  holes 


are  closed,  no  air  can  escape  and  the  column 
of  air  is  longest  and  the  notes  lowest.  Uncov- 
ering a hole  allows  the  air  to  escape.  Then 
the  column  of  air  is  as  long  as  the  distance 
between  the  mouthpiece  and  the  uncovered 
hole.  The  nearer  to  the  mouthpiece  the  un- 
covered hole  is,  the  shorter  the  air  column  and 
the  higher  the  note.  The  holes  may  be  covered 
by  fingers  or  by  \eys  that  can  be  pressed  to 
open  or  close.  In  other  wind  instruments, 
valves  are  pushed  down  to  cut  off  the  column  of 
air  and  change  its  length. 

The  term  valve  is  now  generally  used  for  the 
type  of  stop  in  which  something  like  a piston 
is  pushed  down  into  the  tube  to  change  the 
length  of  the  air  column.  Trumpets  and  bugles 
have  valves.  The  term  \ey  refers  to  the  type 
of  stop  that  acts  as  a cover  for  the  holes,  as 
in  a flute. 

Procedure 

Urge  pupils  to  bring  their  musical  instru- 
ments to  the  science  class.  Use  each  instrument 
as  the  text  suggests  to  learn  (1)  how  the  instru- 
ment makes  sounds,  (2)  how  it  can  change 
sounds,  (3)  how  sounds  are  controlled  in  the 
instrument,  and  (4)  how  the  instrument  is 
constructed  to  serve  its  purpose. 

Flave  pupils  show  the  instruments  and  en- 
courage them  to  use  the  information  they  have 
acquired  to  understand  the  instruments.  The 
children  should  read  the  problem  to  check 
their  findings  and  to  get  additional  informa- 
tion that  they  have  not  been  able  to  discover. 
After  all  the  instruments  have  been  discussed, 
have  the  pupils  put  on  the  board  a summariz- 
ing chart  such  as  the  one  on  this  page  of  the 
Guidehoo\. 

The  experiment  pictured  on  page  28  has 
many  variations,  such  as  hanging  bottles  con- 
taining different  amounts  of  water  from  a 
support  and  experimenting  to  make  a scale 
with  them.  See  also  Things  to  Do,  Nos.  6,  7, 
and  8. 

Questions  (Page  29) 

1.  Violin,  cello,  bass  viol,  harp,  guitar,  piano, 
banjo,  ukulele,  etc. 
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2.  Wires  in  a piano  vary  from  long,  thick 
wires  on  the  left  to  short,  thin  wires  on  the 
right.  When  a piano  key  is  struck,  it  makes  a 
little  hammer  strike  a wire  which  vibrates. 
Striking  a long,  thick  wire  makes  a low  sound. 
Striking  a short,  thin  wire  makes  a high  sound. 
The  sound  that  each  wire  makes  can  be 
changed  a little  by  tightening  or  loosening  it. 

3.  Thick  strings  make  lower  sounds  than 
thin  strings;  long  strings  make  lower  sounds 
than  short  strings;  loose  strings  make  lower 
sounds  than  tight  strings. 

4.  No.  The  bars  would  all  make  the  same 
sound. 

5.  He  presses  valves  to  change  the  length 
of  the  column  of  air;  he  makes  his  lips  tight 
or  loose. 

6.  No.  Air  blown  through  the  reed  makes 
the  column  of  air  in  the  saxophone  vibrate. 

How  do  you  hear  sounds? 

(Pages  29-30) 

Concepts 

1.  We  hear  sounds  because  the  sound  waves 
travel  to  our  ears  and  make  the  inner  parts 
vibrate.  Nerves  carry  the  message  of  the  vibra- 
tions to  the  brain,  which  interprets  them  into 
meanings. 

2.  It  is  very  important  to  take  good  care  of 
your  ears. 

Procedure 

The  picture  on  page  30  may  be  discussed  to 
create  an  interest  in  how  we  hear.  Then  have 
the  pupils  read  page  29  for  a simple  explanation 
and  additional  information.  The  pupils  should 
then  read  and  discuss  the  safety  rules  so  that 
the  reasons  for  each  are  thoroughly  enough 
understood  that  they  will  become  part  of  the 
pupil’s  behavior.  See  also  Things  to  Do , page 
31,  No.  9. 

Questions  (Page  30) 

1.  It  helps  catch  sound  waves  and  guide 
them  into  your  ear. 
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2.  Because  skin  is  stretched  over  the  open- 
ing just  as  on  the  head  of  a drum. 

3.  If  you  always  have  trouble  hearing,  have 
a doctor  look  at  your  ears.  A doctor  can  often 
help  you  hear  more  clearly;  he  can  tell  whether 
there  is  anything  wrong  with  your  ears. 

4.  To  shut  out  some  of  the  sound  so  that 
the  eardrum  will  not  be  injured. 

Questions  to  answer  (Page  31) 

1.  List  might  include:  voices — vocal  cords; 
animals  (dogs,  cats,  etc.) — vocal  cords;  auto- 
mobile, bus,  streetcar,  etc. — motor;  bells  of  var- 
ious kinds — parts  of  a bell;  leaves — wind;  run- 
ning water — whatever  the  water  struck. 

2.  Yes.  A child  on  one  side  of  a closed  door 
might  make  a sound  that  a child  on  the  other 
side  could  not  hear.  The  same  sound  repeated 
with  the  door  ajar  could  be  heard. 

3.  If  nothing  vibrates,  no  sound  waves  will 
be  started. 

4.  If  the  parts  of  a bell  have  not  been  tight- 
ened or  loosened  or  otherwise  changed,  the  bell 
will  vibrate  at  the  same  speed  every  time  it  is 
rung  and  so  make  the  same  sound  each  time. 

5.  Sound  waves  from  the  radio  made  the 
metal  top  vibrate  and  produce  another  sound. 
He  could  put  a pad  of  some  soft  material  be- 
tween the  radio  and  the  table;  then  sound 
waves  could  not  reach  the  top  so  easily. 

6.  By  using  different  lengths  and  thicknesses 
of  pins  or  by  driving  them  in  to  different 
depths,  or  both. 

Things  to  do  (Page  31) 

1.  For  crickets  and  katydids,  see  text,  page 
14.  Most  grasshoppers  make  no  sound.  One 
kind  makes  a tsik\-tsikj{  by  rubbing  a tooth- 
edged  thigh  against  the  front  wing  vein.  The 
cracker  locust,  the  Carolina  locust,  and  a few 
others  make  a crackling  sound  with  their  wings 
when  they  fly.  Cicadas  have  a drumhead  at 
the  base  of  their  hind  wings.  Muscles  inside 
their  bodies  set  them  in  vibration.  A large  air 
cavity  in  the  abdomen  acts  as  the  drum.  See 
Bibliography  on  page  252  of  this  Guidebook, > 


2.  The  short  reeds  make  the  high  sounds; 
the  long  ones,  the  low  sounds. 

3.  All  letters  are  made  by  special  place- 
ment of  the  lips  and  tongue.  However,  some 
are  voiced  (use  vocal  cords);  others  are  voice- 
less. All  vowels  combine  lips  and  tongue  with 


voice.  B is  voiced,  while  p is  not.  S or  a soft  c 
is  not  voiced,  while  z is.  D is  voiced,  while  t 
is  voiceless,  etc. 

4-9.  Individual  or  class  activities. 

10.  A giraffe  has  no  vocal  cords.  It  can  only 
make  a kind  of  snort. 


UNIT 


Why  Does  the  Weather  Change? 


Purpose  and  scope 

There  are  many  things  about  the  study  of 
weather  that  are  interesting  to  girls  and  boys. 
It  is  not  the  intention  of  this  unit  to  give  a 
large  amount  of  technical  information.  It  is 
rather  the  purpose  to  broaden  the  interest,  to 
build  on  previous  knowledge  of  how  water 
evaporates  and  condenses,  and  to  use  this 
knowledge  to  understand  some  of  the  simple 
phases  of  weather  changes.  Pupils  at  this  level 
cannot  forecast  weather,  but  they  can  begin  to 
understand  some  of  the  things  that  scientists 
need  to  know  in  order  to  forecast.  They  can 
also  develop  an  appreciation  of  the  work  and 
worth  of  the  Weather  Service. 

In  this  unit  it  is  important  to  help  pupils 
connect  the  various  science  principles  concern- 
ing air  and  the  various  changes  in  it  with  the 
final  problems  in  the  unit  that  are  concerned 
with  weather  changes  and  the  forecasting  of 
weather  changes. 

Science  background 

Loo\  and  Learn:  Unit  3,  Days  and  Days 

All  Around  Us:  Unit  3,  Sun,  Wind,  and 
Weather 

Discovering  Our  World , Boo\  One:  Unit  2, 
Why  Do  All  Living  Things  Need  Air  and 
Water?  Unit  4,  Why  Do  We  Have  Days  and 
Nights  ? 

Discovering  Our  World , Boo\  Two:  Unit  2, 
What  Makes  Things  Move?  Unit  4,  How  Do 
Heating  and  Cooling  Change  Materials? 


General  concepts 

1.  Weather  is  the  condition  of  the  air  around 
us.  Changes  in  weather  are  changes  in  the  air. 

2.  The  air  is  not  warmed  equally  at  all  places 
by  the  sun. 

3.  Clouds  covering  the  sun  may  change  the 
temperature  of  the  air. 

4.  Some  parts  of  the  world  are  always 
warmer  or  colder  than  other  parts. 

5.  Winds  from  colder  or  warmer  places 
change  the  temperature. 

6.  Wind  is  moving  air. 

7.  Gravity  makes  the  air  move. 

8.  Water  comes  out  of  the  air  as  clouds,  rain, 
snow,  sleet,  hail,  fog,  frost,  and  dew. 

9.  Weather  is  forecast  each  day  by  the 
Weather  Service. 

10.  Weather  reports  help  us  prevent  damage 
and  destruction. 

Introducing  the  unit  (Page  33) 

The  unit  may  be  started  by  asking  the  pupils 
to  describe  the  kinds  of  weather  they  have 
been  experiencing  during  the  past  week.  Then 
have  them  read  page  33. 

What  do  we  mean  by  weather? 

(Pages  34-36) 

Concepts 

Weather  is  the  condition  of  the  air  around 
the  earth.  Changes  in  the  weather  are  changes 
in  the  air. 
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a)  The  air  may  be  clear  or  cloudy. 

b ) The  air  may  be  still,  or  it  may  be  moving 
slowly  or  swiftly. 

c)  The  air  may  be  hot,  cold,  cool,  or  warm. 

d)  The  air  may  be  dry  or  moist. 

Observations 

Page  34:  To  find  out  what  weather  is. 
Materials:  Weather  reports  from  news- 
papers and  radio  broadcasts. 

Page  36:  To  observe  weather  changes  over 
a period  of  weeks  and  to  keep  a record  of  these 
changes. 

Materials:  Thermometer,  daily  weather  re- 
ports from  newspapers  and  radio. 

Information  for  the  teacher 

Pictures.  Page  34.  Top , fog.  Bottom , snow. 
Page  35.  Top,  partly  cloudy.  Bottom , rain. 

Procedure 

As  suggested  in  the  text,  have  the  children 
list  the  words  that  they  have  been  using  to 
describe  the  weather.  The  discussion  should 
lead  to  an  understanding  that  weather  is  the 
condition  of  the  air  around  the  earth.  Have 
the  class  read  pages  34-36.  The  record  of  the 
weather  entered  on  a chart  such  as  the  one 
described  on  page  36  is  interesting  to  keep 
and  use  as  the  unit  progresses. 

Questions  (Page  36) 

1.  Answers  will  vary. 

2.  Answers  should  include  changes  in  sky 
condition,  temperature,  moisture,  and  wind. 

3.  No.  Weather  is  the  condition  of  the  air 
around  the  earth. 

4.  No.  He  omitted  the  condition  of  the  sky, 
the  moisture  fall,  and  also  the  direction  of  the 
wind. 

Why  does  the  air  get  warmer  or  cooler? 
(Pages  36-39) 

Concepts 

1.  The  air  is  not  warmed  equally  at  all 
places  by  the  sun. 
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a)  The  sun’s  rays  pass  through  the  air 
without  heating  it  much. 

b ) The  soil,  rocks,  and  water  of  the  earth’s 
surface  are  heated  by  the  sun’s  rays;  then  the 
earth’s  surface  warms  the  air  above  it. 

c ) Different  kinds  of  materials  on  the 
earth’s  surface  are  warmed  differently  by  the 
sun. 

d ) The  air  is  warmest  where  the  earth  is 
heated  most. 

2.  The  air  is  usually  warmer  in  the  daytime 
than  at  night. 

3.  The  air  is  warmer  in  summer  than  in 
winter. 

4.  Clouds  covering  the  sun  may  change  the 
temperature  of  the  air. 

5.  Some  parts  of  the  world  are  always 
warmer  or  colder  than  other  parts. 

6.  Winds  from  colder  or  warmer  places 
change  the  temperature. 

a)  Wind  from  the  south  is  usually  warm. 

b)  Wind  from  the  north  is  usually  cold. 

Experiments  and  observations 

Page  36:  To  observe  how  the  temperature 
changes  during  the  day. 

Material:  Thermometer. 

Page  37:  To  show  that  the  sun’s  rays  heat 
some  materials  more  than  others. 

Materials:  Two  small  glass  jars  that  are 
just  alike,  candle  or  dull  black  paint,  ther- 
mometer, water. 

Information  for  the  teacher 

Picture.  Page  38.  The  sun’s  rays  pass  through 
the  transparent  glass  of  the  greenhouse.  The 
light  rays  strike  the  soil  and  cannot  pass 
through  it.  They  are  absorbed  by  the  dark, 
opaque  soil.  The  soil  is  warmed  because  the 
energy  of  the  sun’s  rays  is  changed  to  heat. 
The  soil  gives  off  some  of  its  heat  to  the  air 
above  it,  thus  warming  the  air  in  the  green- 
house. 

Text.  In  the  experiment  with  the  glass  jars, 
the  radiant  energy  from  the  sun  is  changed  to 
heat  energy  when  it  strikes  a material  that 


absorbs  it.  Transparent  materials  allow  sun- 
light to  pass  through  them;  those  that  are  not 
transparent  either  reflect  the  sunlight  or  absorb 
it.  No  material  is  so  perfectly  transparent  or 
so  perfectly  reflecting  that  it  will  absorb  no 
sunlight  whatever.  Pure  white  reflects  most  of 
the  sunlight;  pure  black  absorbs  most  of  it. 
Thus  black  or  dark  opaque  objects  will  become 
warmer  in  sunlight  than  white  or  transparent 
ones.  In  the  jar  that  is  painted  black,  the  water 
will  be  warmed  more  than  that  in  the  clear 
glass  jar. 

Procedure 

The  temperature  changes  taken  from  the 
chart  and  those  taken  at  various  times  of  day 
will  help  pupils  realize  the  wide  changes  that 
take  place.  The  experiments  described  in  this 
problem  will  help  them  understand  why  these 
changes  occur.  The  pupils  can  feel  the  dif- 
ference between  the  temperature  of  the  window 
glass  and  that  of  the  window  sill  when  the 
sun  shines.  One  is  transparent  and  lets  the  sun’s 
rays  through;  the  other  absorbs  them  and  be- 
comes hot.  Have  the  pupils  do  the  experiments 
and  then  read  pages  36-39  to  obtain  additional 
concepts. 

This  problem  indicates  several  factors  that 
are  responsible  for  changes  in  the  temperature. 
The  pupils  should  make  a list  of  these  factors, 
indicating  how  they  may  bring  about  changes 
in  temperature. 

Questions  (Page  39) 

1.  Materials  through  which  the  rays  cannot 
pass.  Clear  materials  that  the  rays  will  pass 
through. 

2.  Much:  soil,  rocks,  buildings,  people, 

metal,  etc.  Little:  air,  glass,  small  quantities 
of  water,  etc. 

3.  The  sun’s  rays  that  strike  the  earth  are 
changed  to  heat.  The  earth  gives  up  some  of 
this  heat  to  the  air  above  it. 

4.  The  air  becomes  warmer  during  the  day 
when  the  sun  is  shining  on  our  side  of  the 
earth.  Then  it  becomes  cooler  at  night  when 


the  sun  is  shining  on  the  other  side  of  the 
earth. 

5.  Over  the  land.  The  sun  warms  the  land 
more  than  the  water. 

6.  Clouds  shade  the  earth,  keeping  some  of 
the  sun’s  rays  from  reaching  it.  The  earth  and 
the  air  above  it  become  cooler.  Also,  a cool 
breeze  blows  over  the  land. 

7.  Clouds  shade  the  earth.  The  earth  be- 
comes warmer  in  the  day  and  cooler  at  night. 
More  hours  of  sunlight  make  it  warmer  in 
summer.  The  wind  blows  from  warmer  or 
cooler  places. 

What  makes  the  wind  blow? 

(Pages  40-43) 

Concepts 

1.  Wind  is  moving  air. 

2.  Gravity  is  the  force  that  makes  the  air 
move. 

a)  Air  has  weight. 

b ) Cold  air  weighs  more  than  warm  air. 

c ) Cold  air  sinks  and  pushes  warm  air  up. 

3.  The  air  moves  (wind  blows)  because 
cold  air  is  pressing  down  and  sideways  and 
pushing  against  warm  air,  making  it  move. 

Experiment 

Page  41 : To  show  how  air  moves  in  a room. 
Materials  : Strips  of  paper  or  cloth,  window 
pole  (or  other  long  pole),  window  that  opens 
at  the  top  and  bottom. 

Information  for  the  teacher 

Pictures.  Page  40.  The  picture  shows  what 
a strong  wind  a hurricane  is.  In  a hurricane, 
the  wind  moves  more  than  75  miles  an  hour. 
Page  41.  How  to  perform  the  experiment. 
Page  42.  The  arrows  in  the  picture  show 
which  way  the  wind  is  moving. 

Procedure 

Doing  the  experiment  pictured  on  page  41 
is  an  interesting  way  to  begin  the  study  of  this 
problem.  Let  the  pupils  use  their  observations 
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and  the  text  to  explain  how  air  moves  in  the 
schoolroom.  Have  the  children  list  the  things 
that  happen  to  make  the  air  move.  Then  the 
pupils  are  ready  to  understand  how  a like 
situation  outdoors  causes  the  air  to  move  and 
a wind  to  blow. 

If  the  pupils  have  studied  the  unit  on  heat  in 
Discovering  Our  World,  Boo\  Two,  they 
should  be  asked  to  recall  the  convection-box 
experiment  (page  114  of  Boo\  Two).  Or  the 
experiment  may  be  repeated  here  if  the  pupils 
do  not  recall  it. 

The  picture  on  page  42  may  be  used  to  sum- 
marize what  pupils  have  learned  by  asking 
them  to  tell  as  completely  as  they  can  what  is 
happening  in  the  picture  and  why  it  happens. 

Questions  (Page  43) 

1.  (b),  (e). 

2.  The  greater  the  difference  in  temperature 
between  two  places,  the  faster  the  air  will  move 
toward  the  warmer  place. 

3.  During  the  day,  the  air  over  the  land  is 
warmer.  It  is  pushed  up  by  the  cooler  air  from 
the  water.  So  the  wind  blows  from  the  water 
to  the  land.  At  night,  the  land  cools  off  more 
quickly  than  the  water  does.  Then  the  air  over 
the  water  is  warmer.  So  the  wind  blows  from 
the  land  to  the  water. 

4.  The  fire  makes  the  air  over  the  forest 
warmer  so  that  the  cooler  air  around  the  forest 
pushes  in,  causing  a wind. 

Why  is  the  sky  clear  or  cloudy? 
(Pages  43-47) 

Concepts 

1.  Water  is  always  evaporating  from  oceans, 
lakes,  rivers,  etc. 

2.  Warm  air  can  hold  more  water  vapor 
than  cold  air. 

3.  When  warm,  moist  air  is  cooled,  the  water 
vapor  condenses. 

4.  When  the  condensed  water  vapor  stays  in 
the  air,  it  forms  clouds  of  different  kinds. 

5.  Fog  is  a cloud  that  has  formed  near  the 
earth’s  surface. 
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Experiment 

Page  44:  To  observe  condensation  of  water 
vapor  from  the  air. 

Materials:  Metal  cup,  chipped  ice. 

Information  for  the  teacher 

Pictures.  Page  44.  Water  is  evaporating  from 
the  surface  of  the  lake  or  stream.  The  air  above 
the  water  is  cool  in  the  early  morning.  So  the 
water  coming  from  the  lake  or  stream  con- 
denses to  form  a mist. 

Page  46.  Left,  cumulus.  Right,  stratus.  See 
the  Bibliography  for  books  about  clouds. 

Procedure 

This  problem  may  be  introduced  by  taking 
pupils  outdoors  to  look  at  the  sky  and  to  watch 
the  clouds.  They  may  see  clouds  move,  clouds 
disappear,  and  new  clouds  appear.  The  children 
have  had  experiences  with  evaporation  and  con- 
densation. Using  these  experiences  and  the 
knowledge  they  have  gained  about  winds  and 
air  temperatures,  let  the  pupils  try  to  decide 
what  conditions  can  cause  clouds  and  what 
conditions  can  cause  them  to  disappear.  Then 
these  pages  may  be  read  and  discussed.  The 
pictures  in  the  text  can  be  used  by  pupils  to 
help  identify  different  kinds  of  clouds. 

Questions  (Page  47) 

1.  It  evaporates  from  oceans,  lakes,  rivers, 
wet  soil,  wet  plants,  etc. 

2.  Water  evaporates  into  the  air.  If  this  air 
is  cooled,  it  cannot  hold  so  much  water  vapor. 
So  the  water  vapor  condenses  into  tiny  drops, 
forming  a cloud. 

3.  The  sun  warms  the  earth,  which  warms 
the  air.  The  air  can  then  hold  more  water 
vapor.  So  the  water  in  the  fog  evaporates,  and 
the  fog  disappears. 

4.  (a)  No.  There  is  always  water  vapor  in 
the  air,  but  on  a clear  day  the  air  is  warm 
enough  to  hold  all  that  there  is.  ( b ) No.  You 
can  never  see  water  vapor  because  it  is  an  in- 
visible gas  that  mixes  with  other  gases  in  the 
air.  On  a cloudy  day,  you  see  drops  of  liquid 


water  or  crystals  o£  ice.  (V)  Yes.  But  the  air 
must  be  cooled  enough  so  that  it  can  no  longer 
hold  all  the  water  vapor  in  it.  The  water  vapor 
condenses  and  can  be  seen. 

5.  The  air  high  above  the  earth  is  usually 
cooler,  and  so  it  holds  less  water  vapor  than 
air  lower  down.  The  plane  is  cooled  in  the 
upper  air.  When  it  comes  down,  water  vapor 
in  the  warmer  air  may  condense  on  the  cool 
plane.  If  the  temperature  is  below  freezing, 
ice  will  form. 

6.  Water  vapor  in  the  warm  air  condensed 
on  the  cold  pipe. 

How  does  water  come  out  of  the  air? 
(Pages  48-49) 

Concepts 

1.  When  the  tiny  droplets  of  water  in  clouds 
join  together  and  fall,  they  make  rain. 

2.  Sometimes  the  water  vapor  freezes  and 
makes  snow. 

3.  Sometimes  raindrops  freeze  and  make 
sleet  or  hail. 

4.  Dew  is  formed  from  water  vapor  that  has 
condensed  near  the  ground  on  soil,  plants,  or 
buildings. 

5.  Frost  is  formed  from  water  vapor  near 
the  ground  that  has  frozen  instead  of  con- 
densing to  water. 

Information  for  the  teacher 

Picture.  Page  48.  Snowflakes.  Snowflakes  are 
usually  six-sided,  occasionally  three-sided. 

Procedure 

This  problem  is  a direct  outgrowth  of  what 
was  learned  in  the  previous  one.  It  may  be  in- 
troduced by  a question  such  as  “What  have 
we  already  learned  that  will  help  us  solve  the 
question  at  the  top  of  page  48?”  After  the 
discussion,  have  the  pupils  read  pages  48-49  to 
check  their  answers. 

Questions  (Page  49) 

1.  It  must  be  cooled  until  it  can  no  longer 
hold  all  the  water  vapor  in  it. 


2.  There  would  be  no  water  vapor  in  the 
air.  So  water  vapor  could  not  condense  to  form 
clouds,  fog,  rain,  snow,  sleet,  hail,  dew,  or  frost. 

3.  See  the  first  complete  paragraph  on  page 
45.  Just  as  cooling  the  cloud  from  a teakettle 
causes  larger  drops  to  form,  so  a cloud  in  the 
sky  that  is  cooled  will  condense  into  large 
enough  drops  to  fall  in  the  form  of  rain. 

4.  No.  Snow  is  formed  directly  from  water 
vapor  when  the  temperature  is  near  freezing 
or  below.  Sleet  is  formed  from  raindrops,  which 
freeze  as  they  fall. 

5.  (a)  Yes.  Raindrops  would  not  be  pulled 
down  to  the  earth;  nor  would  cold  air  move 
and  change  the  temperature,  causing  water 
vapor  to  condense,  (b)  Yes.  It  may  evaporate 
into  the  air,  condense,  and  then  fall  as  rain, 
snow,  etc.  (c)  Yes.  They  are  made  of  layers  of 
frozen  rain.  ( d ) No.  Frost  is  formed  directly 
from  water  vapor.  The  water  vapor  freezes 
without  changing  to  water  first.  (e)  No.  They 
are  formed  when  warm  air  touches  a cool  ob- 
ject and  water  vapor  condenses  directly  on  that 
object. 

What  does  the  weatherman  do? 
(Pages  50-55) 

Concepts 

1.  Weather  is  forecast  each  day  by  the 
Weather  Service. 

2.  Weather  maps  are  made  every  day. 

3.  A weather  map  shows  pressure  of  the  air, 
direction  and  speed  of  wind,  amount  of  water 
coming  out  of  the  air,  and  temperature  of  the 
air. 

4.  A weather  forecaster  can  predict  the  next 
day’s  weather  by  studying  the  weather  map. 

Information  for  the  teacher 

Pictures.  Page  50.  This  is  one  of  the  many 
methods  used  by  the  Weather  Service  to  find 
the  causes  of  various  weather  conditions,  such 
as  thunderstorms. 

Page  51.  Left,  recording  barometer,  or  baro- 
graph. Right,  a tipping-bucket  rain  gauge  in 
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use  at  one  of  the  stations  of  the  Weather 
Service.  It  is  connected  electrically  with  a 
recorder  in  the  weather  office.  The  rain  caught 
in  the  funnel  flows  into  a partitioned  bucket, 
which  tips  when  a hundredth  of  an  inch  of 
rain  has  fallen.  Each  tip  is  recorded. 

Page  52.  Left,  weather  vane,  or  wind  vane, 
and  anemometer.  The  weather  vane  points  in 
the  direction  from  which  the  wind  is  coming. 
The  anemometer  has  the  three  cup-shaped  de- 
vices, which  catch  the  wind.  The  harder  the 
wind  blows,  the  faster  they  spin.  Right.  The 
balloon  carrying  a radio  is  known  as  a radio- 
sonde. 

Page  53.  A card  of  directions  for  returning 
the  instrument  is  attached  to  each  one  sent  up. 
One  dollar  is  paid  for  each  one  returned. 

Page  54.  A cold  front  is  a boundary  line  be- 
tween a mass  of  cold  air  and  a mass  of  warmer 
air  under  which  the  colder  air  pushes  like  a 
wedge,  usually  moving  southward  or  eastward. 
A warm  front  is  the  boundary  between  a mass 
of  warm  air  and  a mass  or  wedge  of  cold  air 
over  which  the  warm  air  is  forced,  usually  mov- 
ing northward  or  eastward. 

Procedure 

The  discussion  here  centres  around  how 
scientists  are  able  to  forecast  the  weather.  Pu- 
pils may  bring  sample  weather  reports  from 
the  local  paper  and  try  to  decide  what  infor- 
mation the  forecaster  had  to  have  in  order  to 
make  this  report.  Then,  by  reading  the  text  and 
studying  the  pictures,  they  should  find  out  how 
scientists  get  this  information. 

The  weather  map  on  page  54  is  considerably 
simplified.  It  should  be  used  just  to  call  atten- 
tion to  what  may  be  shown  on  such  a map. 

If  pupils  decide  to  keep  records  of  how  often 
the  weather  forecasts  are  accurate  over  a period 
of  time,  the  cautions  given  on  page  54  should 
by  all  means  be  observed. 

Questions  (Page  55) 

1.  Temperature  and  pressure  of  the  air,  di- 
rection and  speed  of  the  wind,  amount  of 
water  coming  out  of  the  air. 
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2.  Thermometer,  barometer,  rain  gauge, 
weather  vane,  instrument  that  measures  the 
speed  of  the  wind,  balloon  with  radio  attached. 

3.  By  making  daily  reports  of  weather  at 
the  stations  and  sending  them  to  cities  where 
weather  maps  for  the  whole  country  are  drawn 
and  forecasts  are  made. 

4.  Where  large  masses  of  warm  and  cold 
air  are  and  how  fast  and  in  what  direction 
these  masses  are  moving;  whether  the  air  is 
warm  or  cold,  moist  or  dry;  what  is  happening 
to  the  weather  all  over  the  country. 

5.  It  may  be  true  for  the  large  area  for 
which  it  is  made  but  not  for  some  small  part 
of  that  area.  Also,  weather  may  change  too 
quickly  to  be  forecast  or  may  not  change  as 
conditions  indicate  that  it  will. 

How  do  weather  forecasts  help  us? 
(Pages  55-57) 

Concept 

Weather  reports  help  us  prevent  damage  and 
destruction. 

Information  for  the  teacher 

Pictures.  Page  55.  Any  of  the  large  almanacs 
will  give  the  other  storm  warnings.  These  will 
be  especially  interesting  to  children  living  along 
the  coasts  or  near  the  large  inland  lakes. 

Page  56.  Pilot  and  co-pilot  going  over  the 
weather  map  with  the  dispatcher  before  taking 
off. 

Page  57.  Some  of  these  heaters  burn  oil.  In 
some  places,  wood  fires  are  used  instead. 

Procedure 

This  problem  should  be  made  as  real  to  pu- 
pils as  possible  by  having  them  find  out  which 
people  in  their  own  community  use  weather 
forecasts.  After  the  discussion,  have  them  read 
pages  55-57  to  learn  how  people  in  other  com- 
munities use  weather  forecasts. 

Questions  (Page  57) 

1.  They  help  us  know  how  to  dress,  how 
much  to  protect  or  warm  our  homes,  when  to 


prepare  for  storms,  frosts,  or  floods,  and  how 
to  make  our  plans  fit  the  weather.  They  also 
help  us  by  helping  fuel  dealers,  farmers,  ship- 
pers, steamship  companies,  air  lines,  foresters, 
etc. 

2.  They  learn  how  to  make  nearly  correct 
forecasts  so  that  we  can  be  prepared  for  changes 
in  the  weather. 

3.  They  need  to  know  the  weather  high 
above  the  earth  because  it  is  often  different 
from  the  weather  on  the  ground.  They  need 
more  frequent  reports  because  a sudden  change 
in  weather  can  be  a great  danger  to  flying. 

Questions  to  answer  (Page  58) 

1.  Temperature,  moisture,  speed  and  direc- 
tion of  wind. 

2.  It  evaporates  and  changes  to  water  vapor. 

3.  At  night,  the  earth  and  the  air  above  it 
usually  become  cooler.  Cooler  air  cannot  hold  so 
much  water  vapor.  So  some  of  it  may  condense 
into  fog.  In  the  daytime,  the  air  is  likely  to  be- 
come warmer.  It  can  hold  more  water  vapor. 

4.  Some  of  the  water  vapor  in  the  warm  air 
may  condense  into  a cloud;  or  rain,  snow,  etc., 
may  fall. 

5.  It  pulls  down  harder  on  cold  air  than  on 
warm  air.  Cold  air  forces  warm  air  up,  and 
a wind  starts  to  blow.  Wind  may  bring  changes 
in  the  weather.  Also,  gravity  makes  rain,  snow, 
etc.,  fall  to  the  ground. 

6.  On  a cloudy  day  people  use  more  electric 
current  for  lights  than  they  do  on  a clear  day. 
The  electric  companies  must  be  ready  to  supply 
extra  current. 

7.  See  page  40  of  the  text.  Twelve  cubic 
feet  of  air  weigh  about  one  pound.  Multiply 


the  length  of  the  room  by  the  width  by  the 
height  and  divide  by  12. 

8.  Air  in  a warm  room  contains  much  water 
vapor.  When  this  warm  air  touches  the  cold 
pitcher,  the  air  is  cooled.  Cool  air  cannot  hold 
so  much  water  vapor;  thus  some  of  the  vapor 
condenses  into  liquid  water  on  the  outside  of 
the  pitcher. 

9.  Page  58.  Left,  hailstones.  Air  currents  car- 
ried raindrops  up  and  down  many  times 
through  layers  of  cold  and  warm  air.  Each 
time  they  went  through  cold  air,  a layer  of  ice 
formed  on  them.  More  and  more  ice  was  added 
until  the  balls  finally  fell  to  the  ground.  Right, 
sleet.  As  rain  fell  to  the  ground,  it  passed 
through  some  air  cold  enough  to  make  it 
freeze. 

Page  59.  Left,  dew.  The  leaves  of  the  plant 
became  cooler  than  the  air  around  them.  Some 
of  the  water  vapor  in  the  air  condensed  on 
the  leaves.  Right , frost.  The  air  cooled  below 
freezing.  Water  vapor  in  the  air  froze  on  the 
leaves. 

Things  to  do  (Pages  58-59) 

1.  Most  newspapers  give  a brief  forecast  that 
includes  sky  condition,  moisture  fall,  if  any, 
temperature,  and  wind  direction  and  speed. 
Some  newspapers  also  give  a second,  more  de- 
tailed forecast  and  report  including  maps,  tables, 
weather  in  and  around  other  cities  or  areas,  etc. 

2.  Prevailing  winds  vary  from  winter  to 
summer  in  different  parts  of  the  country.  The 
table  below  shows  the  prevailing  winds  in  var- 
ious parts  of  the  country.  (Information  for 
the  table  is  from  T.  A.  Blair,  Climatology, 
pages  141-142.) 


Season 

Central  U.  S. 

Eastern  Canada  and 
U.S.  Atlantic  States 

Western  Canada  and 
US.  Pacific  States 

Mexico  and 
Florida 

US.  Gulf 
States 

Winter 

Northwest 

West  or  northwest 

Southeast,  south, 
or  southwest 

Northeast 

From  the 
interior 

Summer 

South  or 
southwest 

South  or  southwest 

Northwest 

East  or 
southeast 

East  or 
southeast 
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3.  Be  sure  to  set  the  can  above  the  “ground 
splash.”  Newspaper  weather  summaries  and 
almanacs  can  be  used  to  check  results. 

4.  Besides  looking  up  thermometer,  barom- 
eter, rain  gauge,  and  weather  vane,  students 
may  wish  to  know  the  names  of  other  instru- 
ments. Either  a psychrometer  or  a hair  hygrom- 
eter (for  when  the  temperature  is  very  low) 
is  used  to  tell  how  much  water  vapor  is  in  the 
air.  An  anemometer  tells  the  speed  of  the  wind. 
Balloons  sent  up  to  find  winds  aloft  are  called 
pilot  balloons  or,  if  used  at  airports  to  find  the 
altitude  of  the  clouds,  ceiling  balloons.  A larger 
balloon  with  a radio  attached  is  a radiosonde. 
Also  used  are  instruments  that  make  records 
such  as  a recording  thermometer , maximum 
and  minimum  thermometers , a barograph , sun- 
shine recorder , sounding  balloon , and  triple 


register  (connected  to  wind  vane  and  ane- 
mometer) . 

5.  Individual  or  group  activity. 

6.  Although  many  maps  will  be  more  com- 
plicated, all  will  include  such  markings  as  are 
seen  on  the  one  on  page  54  together  with  the 
figures  and  symbols  that  describe  weather  con- 
ditions at  each  reporting  station.  Most  maps 
will  have  a key  to  these  symbols  and  an  ex- 
planation of  other  markings. 

7.  “Any  Truth  to  Weather  Lore,”  Science 
Digest  for  July  1946,  discusses  many  old  say- 
ings in  terms  of  scientific  facts.  The  article  is 
condensed  from  the  book  Science  in  a Chang- 
ing World  by  Cable,  Getchell,  and  Kadesch, 
Prentice-Hall,  1946. 

8.  Groups  may  visit  either  local  weather 
stations  or  reporting  stations  at  airports. 


UNIT 


How  Is  the  Earth’s  Surface  Changed? 


Purpose  and  scope 

The  aim  of  this  unit,  after  presenting  a bird’s- 
eye  view  of  the  earth’s  surface,  is  to  show  the 
elementary  forces  that  have  changed  this  sur- 
face through  the  ages  and  are  changing  it 
today.  The  pupils  should  find  out  that  there 
are  two  kinds  of  changes,  the  building  up  and 
the  tearing  down,  and  that  over  a long  period 
of  time  these  balance  each  other.  The  time 
element  in  this  unit  is  important — the  length 
of  time  it  takes  to  wear  away  surface  and  the 
length  of  time  necessary  to  rebuild  worn-out 
and  eroded  soils. 

Newspapers  and  magazines  often  contain 
articles  on  flood  control,  prevention  of  erosion, 
“dust-bowl”  problems,  and  kindred  topics,  to 
say  nothing  of  rather  frequent  stories  of  floods, 
earthquakes,  landslides,  and  volcanic  eruptions. 
The  alert  teacher  will  find  an  abundance  of 
material  to  enrich  her  classroom  presentation 
and  to  post  on  the  bulletin  board. 
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Much  of  the  material  in  this  unit  will  be  of 
general  interest  to  pupils;  the  problem  on  soil 
conservation  is  especially  important.  The  en- 
tire unit  will  be  more  meaningful  if  it  is  made 
concrete  by  observations  that  pupils  make  in 
their  own  localities.  Many  of  the  pupils  will 
probably  be  interested  in  collecting  and  studying 
rocks. 

Science  background 

All  Around  Us:  Unit  3,  Sun,  Wind,  and 
Weather 

How  Do  We  Know?:  Unit  2,  Land  and 
Water 

Discovering  Our  World , Boo\  Two:  Unit  1, 
How  Do  Living  Things  Help  and  Harm  Each 
Other?  Unit  2,  What  Makes  Things  Move? 
Unit  4,  How  Do  Heating  and  Cooling  Change 
Materials  ? Unit  5,  What  Are  Things  Made  Of? 
Unit  9,  How  Can  You  Make  a Garden? 

Discovering  Our  World , Boo\  Three:  Unit 
2,  How  Does  the  Weather  Change? 


General  concepts 

1.  The  earth’s  surface  is  made  up  of  water 
and  land  in  many  different  forms. 

2.  The  earth’s  surface  is  always  changing. 

3.  The  land  is  made  up  of  either  rock  or  soil. 

4.  Many  forces  are  at  work  breaking  up 
rocks  and  wearing  them  away. 

5.  Water  changes  the  earth’s  surface. 

6.  Wind  changes  the  earth’s  surface. 

7.  Glaciers  change  the  earth’s  surface. 

8.  Volcanoes  change  the  earth’s  surface. 

9.  Mountain  ranges  are  formed  when  pres- 
sure from  unknown  causes  pushes  up  part  of 
the  earth’s  surface. 

10.  The  soil  must  be  conserved. 

Introducing  the  Unit  (Pages  61-62) 

Information  for  the  teacher 

Pictures.  Page  60.  A scene  in  Monument 
Valley,  Utah,  U.S.A. 

Page  61.  A natural  bridge,  found  in  Natural 
Bridges  National  Monument,  Utah,  U.S.A. 

Procedure 

Presenting  a motion  picture  showing  changes 
in  the  earth’s  surface  is  a very  interesting  way 
to  introduce  this  unit,  if  such  a picture  is  avail- 
able. This  is  particularly  true  since  motion  pic- 
tures make  these  concepts  more  real.  Or,  if 
this  is  not  possible,  pupils  may  discuss  these 
questions:  “How  do  you  think  the  surface  of 
the  earth  in  our  region  has  changed?”  “How 
long  do  you  think  it  takes  such  changes  to 
happen?”  Then  they  may  read  pages  61-62. 

See  page  249  of  this  Guidebook^  for  possible 
sources  for  motion  pictures. 

What  is  the  earth’s  surface  made  of? 
(Pages  62-66) 

Concepts 

1.  The  earth’s  surface  is  made  up  of  water 
and  land  in  many  different  forms. 


2.  The  earth’s  surface  is  always  changing. 

3.  The  land  is  made  up  of  either  rock  or  soil. 

a)  There  is  always  rock  under  the  soil. 

b ) There  are  different  kinds  of  rocks  that 
have  been  made  in  different  ways. 

c ) Soil  is  made  from  rock  that  has  been 
broken  up  into  fine  bits,  with  decayed  plant 
and  animal  material  added  to  it. 

Experiment 

Page  66:  To  find  out  what  soil  is  made  of. 
Materials:  Tall  glass  jar  or  bottle,  soil, 
water. 

Information  for  the  teacher 

An  excellent  reference  for  the  teacher,  in- 
cluding many  illustrations  that  will  be  useful 
to  the  pupils,  is  The  Roc\  Boo\  by  Carroll 
Lane  Fenton  and  Mildred  Adams  Fenton.  See 
Bibliography  for  other  helpful  books  about 
rocks  and  soil. 

Procedure 

An  assignment  to  bring  pictures  to  show 
how  the  earth’s  surface  is  different  in  different 
places  might  be  made  to  lead  into  the  first 
problem.  Suggest  also  that  pupils  try  to  find 
different  kinds  of  rocks.  Let  them  show  the 
pictures  they  have  brought  and  also  examine 
those  in  this  part  of  the  unit  to  tell  what  the 
earth’s  surface  is  made  of.  After  this  discussion 
and  observation,  the  pupils  may  read  as  far  as 
the  second  half  of  page  63  to  find  additional 
information. 

The  rocks  brought  by  the  pupils  should  then 
be  examined.  The  paragraphs  following  on 
pages  63  to  66  will  then  help  them  decide  what 
kinds  of  rocks  they  have  found.  It  will  help 
them  tell  how  the  rocks  are  alike  and  how  they 
are  different  from  each  other.  The  pupils 
may  also  be  able  to  tell  what  may  happen  to 
each  kind  of  rock.  It  is  important  in  this  con- 
nection to  see  how  rocks  and  soils  are  related. 

The  study  of  the  various  kinds  of  rocks 
should  be  followed  by  the  experiment  about 
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soil  described  on  page  66  so  that  the  pupils 
will  come  to  understand  (1)  what  soil  is 
made  of  and  (2)  how  soil  can  change. 

Questions  (Page  66) 

1.  ( a ) False.  ( b ) True. 

2.  Sandstone  is  made  of  tiny  bits  of  sand 
that  have  settled  to  the  bottom  of  the  ocean. 
Water  and  layers  of  sand  on  top  press  down 
with  great  force  until  these  bits  are  pressed 
together  into  rock.  Limestone  is  made  of  the 
bones  of  fishes  and  shells  of  other  sea  animals 
pressed  together  at  the  bottom  of  the  ocean 
by  the  weight  of  other  layers  and  water  on 
top.  Shale  is  made  of  mud  pressed  into  rock 
at  the  bottom  of  the  ocean  in  the  same  way. 

3.  Marble  is  made  from  limestone  that  was 
heated  and  then  crushed  with  great  force,  prob- 
ably by  layers  of  rock  on  top.  Slate  is  made 
from  shale  that  was  heated  and  crushed. 
Granite  is  an  igneous  rock,  that  is,  a mixture 
of  minerals  that  was  melted  by  great  heat 
inside  the  earth.  The  melted  rock  was  forced 
upward  toward  the  surface,  where  it  cooled. 

4.  No.  Soil  is  made  of  sand,  clay,  and  de- 
cayed plant  and  animal  materials.  The  sand  is 
made  from  tiny  bits  of  rock  and  the  clay  from 
rock  that  has  been  ground  to  powder;  but  the 
decayed  plant  and  animal  material  is  from 
plants  and  animals  that  have  died. 

5.  Great  changes  have  been  made  in  the 
earth’s  surface  since  the  earth  was  just  a ball 
of  rock. 

How  are  rocks  broken  up? 

(Pages  67-69) 

Concepts 

Many  forces  are  at  work  breaking  up  rocks 
and  wearing  them  away. 

a)  Heating  and  cooling  breaks  up  rocks. 

b ) Freezing  water  breaks  up  rocks. 

c ) Plant  roots  break  up  rocks. 

Experiments 

Page  67:  To  show  that  heating  and  cooling 
may  cause  things  to  crack. 
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Materials  : Thick  glass  or  bottle,  cold  water, 
hot  water. 

Page  68:  To  observe  that  freezing  water  ex- 
pands and  exerts  a force. 

Materials:  Bottle,  cork,  wire,  water,  means 
of  freezing  water. 

Information  for  the  teacher 

Pictures.  Page  67.  Piles  of  broken  rock  that 
have  accumulated  at  the  bases  of  cliffs  or  steep 
slopes  are  called  talus.  They  are  also  known 
as  talus  slopes.  The  sizes  of  the  pieces  of  rock 
vary  from  pieces  as  small  as  dust  to  large 
blocks.  They  are  usually  broken  from  the  cliff 
or  mountain  sides  by  the  steady  freezing  and 
thawing  of  the  rock  and  finally  by  the  pull  of 
gravity.  Large  pieces  of  rock  falling  onto  the 
pile  and  rolling  over  it  break  up  the  talus  into 
smaller  and  smaller  pieces.  Finally  some  of  it 
becomes  as  fine  as  soil.  Numerous  talus  slopes 
such  as  the  one  in  the  picture  can  be  found 
in  the  Rocky  Mountains  and  at  the  base  of 
cliffs  throughout  Canada. 

Page  68.  Alternate  contracting  and  expand- 
ing caused  by  changes  in  the  temperature  have 
cracked  the  rock.  Water  will  get  into  the 
cracks,  and  the  freezing  of  the  water  will  widen 
the  cracks  until  pieces  finally  break  off  from 
the  rock. 

Page  69.  As  the  roots  of  these  trees  grow,  they 
will  have  enough  force  to  break  the  rock. 
In  this  way,  they  will  gradually  help  break 
down  the  cliff. 

Procedure 

Pupils  may  examine  the  rocks  they  have 
brought  in  to  try  to  see  how  they  might  be- 
come broken  up  to  make  soil.  The  experi- 
ments described  on  pages  67  and  68  will  help 
them  see  how  temperature  changes  may  cause 
rocks  to  break.  Pages  67-69  may  then  be  read 
for  additional  information. 

Questions  (Page  69) 

1.  Heating  makes  things  expand;  cooling 
makes  them  contract.  When  the  sun  shines  on 
a rock,  the  outside  expands  faster  than  the 


inside;  and  so  the  rock  cracks.  At  night,  the 
outside  cools  and  contracts  faster  than  the  in- 
side. So  the  cracks  become  larger.  After  much 
heating  and  cooling,  the  cracks  become  so  large 
that  pieces  begin  to  break  off. 

2.  Water  expands  when  it  freezes.  If  rain 
seeps  into  cracks  in  a rock  and  then  freezes, 
the  force  of  the  expanding  water  makes  the 
cracks  larger. 

3.  If  the  seed  falls  into  a crack  where  there 
is  soil,  it  sprouts  and  starts  to  grow.  The  roots 
can  reach  into  very  tiny  cracks.  Growing  roots 
have  enough  force  to  split  rocks. 

4.  Heating  and  cooling  have  made  many 
cracks.  Ice,  rain,  and  melting  snow  have  gone 
into  the  cracks  and  are  breaking  off  pieces. 

How  does  water  change  the  earth’s 
surface?  (Pages  70-74) 

Concepts 

1.  Water  that  falls  as  rain  or  snow  carries 
soil  from  high  to  low  places  as  it  runs  off. 

2.  The  water  in  streams  has  force  and  can 
carry  soil  and  rocks  along  with  it. 

3.  Water  washes  soil  away  from  some  places 
and  piles  it  up  in  others. 

4.  Moving  water  grinds  rocks  together, 
breaking  them  and  wearing  them  off. 

5.  The  action  of  the  rocks  as  they  are  moved 
along  by  water  digs  the  beds  of  streams  deeper. 

6.  Water  helps  make  caves  in  the  earth. 

Experiment 

Page  71:  To  observe  soil  moved  by  water. 

Materials:  Sand  table  or  sandbox,  bucket 
of  water. 

Information  for  the  teacher 

Pictures.  Page  70.  Some  of  the  soil  is  car- 
ried downstream;  some  is  deposited  at  the 
edges  of  the  stream  as  shown  in  the  picture; 
some  may  be  deposited  on  the  banks  of  the 
stream  farther  down  if  the  stream  overflows. 

Page  72.  The  valley  on  the  right  is  older. 
The  water  has  worn  a wide  path  through  the 
valley  and  slowed  down  so  that  soil  is  deposited 


at  the  sides  of  the  stream,  making  the  flood 
plain  or  flat  valley  bottom.  An  old  valley  is 
U-shaped. 

Page  74.  Carlsbad  Caverns,  New  Mexico. 
The  stone  “icicles”  that  hang  from  the  ceiling 
of  the  cave  are  called  stalactites.  Those  that 
come  up  from  the  floor  are  stalagmites.  Col- 
umns are  formed  when  a stalactite  and  a stalag- 
mite join.  They  are  all  formed  by  the  rede- 
positing of  material  that  has  been  dissolved  by 
ground  water. 

Text.  An  excellent  reference  for  the  teacher 
for  this  and  subsequent  problems  of  this  unit 
is  Down  to  Earth  by  Croneis  and  Krumbein. 
(See  Bibliography.)  It  has  many  excellent  pic- 
tures that  will  be  useful  to  the  pupils. 

Procedure 

This  problem  should  be  presented  by  draw- 
ing on  as  many  first-hand  experiences  as  pos- 
sible, such  as  a field  trip  to  observe  the  effects  of 
streams  on  the  earth’s  surface  or  the  experiences 
of  pupils  who  have  seen  floods  or  visited  caves. 
Use  the  pictures  in  the  text  and  others  collected 
from  papers  and  magazines.  After  the  discus- 
sion of  experiences  and  the  observation  of  pic- 
tures, have  the  pupils  read  the  problem. 

Questions  (Page  74) 

1.  The  rain  or  melting  snow  washes  soil 
into  the  streams. 

2.  The  water  rolls  them  over  and  over  and 
rubs  them  together  until  they  are  worn  round 
and  smooth. 

3.  It  moves  soil  from  one  place  to  another. 
It  wears  down  and  breaks  up  rocks. 

4.  Water  from  rain  or  melting  snow  breaks 
off  pieces  of  rock  and  carries  them  into  streams 
and  rivers.  The  moving  water  wears  down  the 
rock  and  grinds  it  into  tiny  bits.  These  tiny 
pieces  may  be  carried  down  until  the  rivers 
empty  into  the  ocean. 

5.  Stones  are  heavier  than  bits  of  soil.  The 
fast-moving  water  carries  away  the  soil  but 
not  the  larger  stones,  which  settle  to  the  bottom. 

6.  By  water  and  chemical  change.  (See 
pages  73-74  of  the  text.) 
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How  does  wind  change  the  earth’s 
surface?  (Pages  75-77) 

Concepts 

1.  Wind  picks  up  dry  sand  or  soil  from  some 
places  and  piles  it  up  in  others. 

2.  Wind  wears  away  rock  by  blowing  sand 
against  it. 

Experiments 

Page  76:  To  see  how  sand  dunes  are  made. 
Materials:  Sand  table  or  sandbox,  small 
board,  sand,  fan. 

Page  76:  To  show  how  wind-blown  sand 
can  cause  erosion. 

Materials  : Sand,  magnifying  glass  or  micro- 
scope. 

Information  for  the  teacher 

Pictures.  Page  75.  Sand  dunes  like  these  are 
found  along  the  shore  of  Lake  Erie  in  Norfolk 
County,  Ontario,  in  some  places  in  the  south- 
ern prairies,  and  in  other  parts  of  Canada. 

Page  77.  The  Bad  Lands  of  South  Dakota  in 
the  United  States.  Similar  formations  may  be 
found  in  the  Bad  Lands  in  southwestern  Sask- 
atchewan and  southeastern  Alberta. 

Text.  The  dust  storms  that  occur  frequently 
in  the  western  United  States,  and  much  less 
frequently  on  the  Canadian  prairies,  illustrate 
the  subject  matter  here.  Sandblasting  machines 
for  cleaning  stone  and  taking  the  paint  off 
automobiles  are  excellent  illustrations  of  the 
cutting  power  of  wind-driven  sand. 

Procedure 

This  problem  may  be  introduced  by  a study 
of  the  picture  of  sand  dunes  on  page  75.  Then 
have  the  class  do  the  experiments  on  page  76. 
The  pupils  should  read  the  text  to  check  their 
findings  and  discuss  the  photographs  on  pages 
76  and  77. 

Questions  (Page  77) 

1.  It  carries  soil  and  sand  from  one  place 
to  another.  It  helps  the  sand  wear  down  and 
break  up  rocks. 
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2.  Wind  picks  up  sand  and  carries  it  along 
until  it  comes  to  a hill,  plants,  or  some  other 
obstruction.  The  sand  is  piled  up  here.  Or  if 
the  wind  slows  down,  the  sand  falls  to  the 
ground.  As  more  and  more  sand  falls  in  the 
same  place,  a dune  is  formed. 

3.  Wearing  away  of  the  earth’s  surface. 

4.  (a)  Both.  Water  from  rain,  melting 
snow,  streams,  and  rivers.  Wind  picks  it  up 
and  carries  it  along.  ( b ) Only  water.  Water  can 
carry  larger  pieces  of  rock,  but  wind  can  carry 
only  sand  and  soil,  (c)  Both.  Water  breaks 
off  pieces  of  rock  and  grinds  them  down  as  it 
carries  them  along,  while  wind  blows  sand, 
which  cuts  and  grinds  against  the  rocks.  ( d ) 
Only  wind.  Water  flows  downhill,  carrying 
sand  and  soil  to  lower  places. 

How  has  ice  changed  the  earth’s 
surface?  (Pages  78-80) 

Concepts 

1.  A glacier  is  a great  sheet  of  ice  that  is 
moving  over  the  land. 

2.  Glaciers  scoop  up  great  loads  of  rock  and 
soil  as  they  move  along. 

3.  When  the  glacier  melts,  the  rock  and  soil 
are  dropped,  forming  hills. 

4.  Some  of  the  scooped-out  places  made  by 
the  glacier  are  left  as  valleys;  others  become 
filled  with  water  to  form  lakes. 

Information  for  the  teacher 

Picture.  Page  80.  The  Great  Terminal 
Moraine  at  Moraine  Lake  in  Canada.  It  took 
hundreds  of  thousands  of  years  of  glacial  move- 
ment to  make  this  huge  pile  of  rock.  Moraines 
deposited  at  the  ends  of  glaciers  are  known  as 
terminal  moraines.  Those  left  at  the  sides  are 
lateral  moraines.  Sometimes  material  is  dropped 
under  a glacier.  This  material  forms  a ground 
moraine.  Not  all  terminal  and  lateral  moraines 
will  appear  as  piles  of  bare  rocks  as  the  one  in 
this  picture  does.  In  the  regions  where  the 
moraines  were  deposited  many  years  ago  and 
glacial  action  has  stopped,  they  have  become 


covered  with  soil  and  vegetation  so  that  they 
appear  as  low  hills  covered  with  plants. 

Text.  Just  why  glaciers  “flow”  is  somewhat 
of  a mystery  to  scientists.  They  think  that  part 
of  the  reason  is  found  in  the  terrific  pressure 
of  the  ice  at  the  centre  of  the  glacier.  This 
pressure  could  force  the  ice  to  flow  out  in  all 
directions  from  the  centre.  An  excellent  article 
on  glaciers  may  be  found  in  Natural  History 
Magazine  for  October  1947. 

Procedure 

The  picture  of  the  glacier  and  the  map  of  the 
ice  sheet  on  pages  78-79  may  be  used  as  the 
basis  of  discussion.  After  the  discussion,  have 
the  pupils  read  pages  78-80.  The  following 
questions  may  be  used  as  a guide:  “What 
makes  the  glacier  move  forward  and  then 
back?”  “How  does  a glacier  change  the  earth’s 
surface?”  “Have  glaciers  changed  the  earth’s 
surface  where  we  live?” 

To  make  this  lesson  meaningful,  it  would  be 
very  interesting  to  identify  for  the  children 
certain  land  forms  in  your  vicinity  that  are  the 
result  of  glaciation.  A request  to  the  geology 
department  of  the  nearest  university  or  to  the 
geological  survey  will  almost  certainly  bring 
detailed  information  on  this  subject. 

It  would  also  be  interesting  to  collect  stones 
that  were  brought  down  by  the  glacier.  A near- 
by stone  quarry  or  outcropping  of  rock  will 
show  what  the  bedrock  of  the  region  is.  Com- 
paring this  rock  with  the  rocks  that  have 
been  collected  will  show  that  the  rocks  must 
have  come  from  some  other  region,  since  the 
bedrock  of  your  locality  is  of  a different  kind. 
Rocks  that  were  deposited  by  glaciers  are  usu- 
ally rounded.  They  may  show  lines  made 
when  other  rocks  rubbed  against  them. 

Questions  (Page  80) 

1.  South  Pole,  Greenland,  Rocky  Moun- 
tains. 

2.  As  a sheet  of  ice  moves  over  the  land,  it 
pushes  off  the  tops  of  hills,  scoops  and  scrapes 
out  great  holes,  picks  up  soil  and  rocks,  and 
carries  them  along  with  it. 


3.  Glaciers  move  very  slowly,  only  a few  feet 
a year. 

4.  Melting  water  filled  low  places  that  had 
been  scooped  out,  making  lakes.  As  the  glaciers 
melted  back,  the  rocks  and  soil  that  had  been 
dragged  along  were  left  behind,  making  hills. 

5.  A ridge  of  rocks  left  at  the  sides  and 
end  of  a glacier  as  it  melted  back. 

How  do  volcanoes  build  up  the  earth’s 
surface?  (Pages  81-84) 

Concepts 

1.  Volcanoes  pour  melted  rock  over  part  of 
the  earth’s  surface. 

2.  They  blow  out  ash  that  may  be  spread 
by  the  winds. 

3.  They  make  mountains  by  building  them- 
selves up  with  lava  and  ash. 

4.  Very  rich  soil  is  made  from  lava  and 
volcanic  ash. 

Information  for  the  teacher 

Pictures.  Pages  82-83.  Paricutin  began  to 
erupt  in  February  1943.  Some  articles  describ- 
ing the  occurrence  are:  “Paricutin  Is  Born,” 
Natural  History  Magazine,  October  1943; 
“Paricutin  Comes  of  Age,”  Natural  History 
Magazine,  October  1944;  “Paricutin,  the  Corn- 
field that  Grew  a Volcano,”  National  Geo- 
graphic Magazine,  February  1944;  “The  Story 
of  El  Paricutin,”  Scientific  Monthly , Novem- 
ber 1947. 

Page  84.  Crater  Lake  is  six  miles  in  diameter 
and  2000  feet  deep. 

Procedure 

To  introduce  this  problem,  have  the  pupils 
read  the  story  of  Paricutin  on  page  81.  The 
pictures  on  pages  82-83  should  also  be  discussed. 
Then  the  pupils  may  read  and  discuss  the  rest 
of  the  problem. 

Questions  (Page  84) 

1.  Points  to  be  brought  out:  (1)  Some  places 
inside  the  earth  are  hot  enough  to  melt  rock. 
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(2)  The  liquefied  rock  and  the  steam  and 
gases  that  are  formed  with  it  are  lighter  than 
the  solid  rock  around  them  and  so  are  forced 
up.  (3)  They  are  pushed  up  with  great  force; 
if  there  is  a weak  spot  in  the  surface,  they  pour 
out  or  burst  out  in  an  explosion  (erupt). 

2.  As  lava,  hot  rocks,  steam,  mud,  and  ash 
pour  out,  they  pile  up  around  the  hole,  making 
a mountain.  Dry  ash  is  carried  by  the  wind  for 
many  miles  before  it  settles  in  layers. 

3.  Steam  condenses  to  water  and  makes  mud 
out  of  the  dry  ash. 

4.  Yes.  It  was  melted  by  great  heat  inside 
the  earth,  then  forced  up  to  the  surface,  where 
it  slowly  cooled.  (See  igneous  roc\,  page  65 
of  the  text.) 

5.  Rock  blown  to  bits  by  the  explosion  of  a 
volcano. 

6.  By  its  cone  with  a crater  in  the  top;  by  the 
kind  of  rock  and  soil  of  which  it  is  made. 

7.  When  lava  flows  out  on  the  land,  it 
slowly  cools  and  becomes  hard.  This  hard  rock 
is  crumbled  by  rain,  sun,  plants,  and  wind  and 
becomes  part  of  the  soil. 

How  are  mountains  made? 

(Pages  85-87) 

Concept 

Mountain  ranges  are  formed  when  pressure 
from  unknown  causes  pushes  up  part  of  the 
earth’s  surface. 

Experiment 

Page  85:  To  see  how  mountains  may  be 
formed. 

Material:  Sheet  of  paper. 

Procedure 

Have  the  children  read  and  discuss  the  first 
three  paragraphs  of  this  problem  and  do  the 
experiment  pictured  at  the  bottom  of  page  85 
to  clarify  the  idea  of  how  the  forces  operate. 
Study  the  pictures  of  mountains  for  the  pur- 
pose of  contrasting  new  and  old  mountains. 
Then  have  the  children  read  the  entire  prob- 
lem for  additional  information. 
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Questions  (Page  87) 

1.  High  on  mountains,  they  have  found 
layers  of  sedimentary  rock  originally  formed 
deep  in  the  ocean.  These  layers  are  often  bent 
up  like  a ridge;  so  some  great  force  must  have 
pushed  sidewise  on  them. 

2.  Young  mountains  are  still  sharp  and 
jagged,  while  old  mountains  have  been  worn 
down  until  they  are  smooth  and  rounded.  (See 
the  pictures  on  pages  86  and  87.) 

3.  If  they  know  when  the  plant  or  animal 
lived,  they  can  tell  how  long  ago  the  rocks 
were  formed.  From  this,  the  scientists  can  tell 
the  age  of  the  mountains  in  which  the  rocks  are 
found. 

How  can  we  conserve  the  soil? 

(Pages  87-92) 

Concepts 

1.  The  soil  must  be  conserved. 

2.  Living  things  could  not  stay  alive  with- 
out soil. 

3.  It  takes  500  to  1000  years  to  make  one 
inch  of  good  soil. 

4.  The  soil  can  be  conserved  in  these  ways: 

a)  Crops  are  planted  across  the  slopes  of 
a hill  instead  of  up  and  down. 

b ) Grass,  trees,  or  other  plants  are  planted 
to  prevent  soil  from  blowing  or  washing 
away. 

Experiment 

Page  91 : To  see  that  plants  help  hold  the  soil. 
Materials:  Slope  covered  with  plants,  slope 
with  no  plants  growing  on  it,  bucket,  water. 

Information  for  the  teacher 

Pictures.  Page  88.  Serious  erosion  of  a steep 
bank  or  hillside. 

Page  89.  A dust  storm  approaching  a small 
town,  which  was  totally  dark  for  an  hour  and 
a half  while  the  storm  passed  over  it. 

Page  90.  This  picture  shows  two  methods  of 
preventing  erosion.  One  way  is  plowing  across 
or  around  the  slope  of  the  hill  instead  of  up 


and  down.  This  is  called  contour  plowing  be- 
cause the  plow  follows  the  contours  of  the  land. 
The  other  method  is  strip  cropping.  A crop 
that  holds  the  water,  such  as  grass,  is  alter- 
nated with  another  crop  that  does  not  hold 
the  water  so  well,  such  as  corn.  When  the  water 
runs  off  this  latter  section  of  the  hill,  it  is  caught 
by  the  strip  of  grass  below. 

Page  91.  The  vine  used  here  to  bind  the  soil 
is  called  Kudzu  vine.  Since  it  grows  rapidly 
and  has  excellent  soil-binding  and  protecting 
qualities,  it  is  being  widely  used  in  soil  reclama- 
tion projects.  The  two  pictures  show  the  same 
gully  three  months  after  planting  and  again 
three  and  one-half  years  later. 

Text.  Much  material  on  the  necessity  for 
soil  conservation  and  the  methods  of  carrying 
it  out  is  available  to  the  teacher.  Write  to  your 
provincial  department  of  agriculture  and  the 
Federal  Department  of  Agriculture  for  lists 
of  publications  available  to  schools,  and  select 
bulletins  applicable  to  your  region.  Conserva- 
tion films  are  often  available  from  provincial 
departments  of  resources  and  lands  and  forests. 

Procedure 

This  problem  on  soil  conservation  is  the 
most  important  in  the  unit.  To  introduce  the 
problem,  pupils  may  take  a field  trip  to  add  to 
the  knowledge  that  they  have  already  acquired 
about  how  the  land  is  eroded.  A motion  picture 
or  a visit  from  one  of  the  agriculture  repre- 
sentatives will  help  make  this  problem  more 
meaningful.  Have  the  pupils  read  and  discuss 
pages  87-92.  In  the  discussion,  the  importance 
of  soil  conservation  to  the  children  themselves 
as  well  as  to  the  nation  as  a whole  should  be 
stressed.  They  should  become  acquainted  with 
what  is  now  being  done  in  their  locality  to 
conserve  the  soil,  with  the  plans  for  the  future, 
and  with  the  need  for  further  planning. 

Questions  (Page  92) 

1.  We  need  the  soil  to  grow  the  plants  that 
keep  us  alive. 

2.  By  wind  and  water. 


3.  By  planting  trees  on  steep  slopes,  grass  on 
rolling  slopes,  crops  on  gentle  slopes. 

4.  Wind  and  water  carry  away  bare  soil. 

5.  They  eat  the  grass  so  close  to  the  ground 
that  the  grass  cannot  keep  water  or  wind  from 
carrying  the  soil  away.  Soon  the  top  layer  of 
soil  is  gone,  and  plants  will  no  longer  grow. 

Questions  to  answer  (Pages  92-93) 

1.  Pupils  should  find  out  something  about 
the  history  of  the  region  in  which  they  live  and 
how  it  came  to  be  the  way  it  is,  as  well  as  look 
for  smaller  changes  in  the  immediate  vicinity. 

2.  List  may  include  material  from  the  unit, 
such  as:  rivers  and  streams  cut  valleys  and 
make  islands;  rocks  are  worn  down  and  broken 
up;  water  and  wind  carry  away  sand  and 
soil  and  pile  it  up  in  other  places;  glaciers 
scoop  out  rocks  and  soil  and  deposit  them  in 
ridges;  mountains  are  made  by  volcanic  action 
and  forces  within  the  earth.  Answers  to  the 
second  part  can  be  drawn  from  the  unit  and 
from  observations. 

3.  Gravity  pulls  everything  downward  in- 
cluding water,  air,  rock,  soil,  ice,  lava,  ash,  etc. 
It  causes  rocks  to  fall  from  mountains  and 
makes  water  run  downhill,  carrying  sand,  soil, 
and  rock  with  it.  It  causes  sand  to  fall  from 
the  air,  glaciers  to  move  downhill  and  drop 
their  loads  of  soil  and  rock,  rain  to  fall,  etc. 
Because  it  pulls  harder  on  heavier  things,  warm 
air  is  forced  up  and  the  wind  blows,  molten 
rock  is  forced  up,  and  volcanoes  erupt. 

4.  It  may  be  pressed  into  rock  at  the  bottom 
of  the  ocean.  That  rock  may  someday  be  forced 
upward  to  the  surface  or  may  even  form  a 
mountain.  Then  pieces  of  the  rock  may  be 
broken  off  by  water,  heating  and  cooling,  etc. 
Water  and  other  things  break  the  rock  into 
smaller  and  smaller  pieces  until  it  is  sand  that 
can  be  blown  by  the  wind. 

5.  As  it  was  carried  by  the  stream,  it  rolled 
over  and  over  and  rubbed  against  other  stones. 
Bits  of  the  brick  were  broken  off  until  it  be- 
came smooth  and  round. 
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6.  Mud  and  sand  were  washed  from  the 
land  by  rain  and  melting  snow  and  carried 
off  by  rivers.  The  rivers  finally  emptied  into 
the  ocean,  where  particles  in  the  water  settled 
to  the  bottom. 

7.  Heating  and  cooling,  freezing  water, 
plant  roots,  moving  water,  wind,  and  glaciers 
may  be  mentioned. 

8.  When  it  carries  away  soil  that  is  necessary 
for  plant  growth,  it  is  very  harmful.  But  when 
it  grinds  up  rock  to  make  soil  and  wears  down 
mountains,  it  is  helpful. 

9.  Answers  individual  but  should  be  based 
on  the  text. 

Things  to  do  (Page  93) 

1.  Individual  reports. 

2.  Land  at  the  mouth  of  the  river  (the  delta) 
is  built  farther  and  farther  out  into  the  gulf. 
This  land  is  a very  low  plain  through  which 
the  river  flows  very  slowly,  often  changing  its 
course  and  sometimes  flooding. 

3.  Lava  may  vary  in  color  and  form,  depend- 
ing on  the  minerals  of  which  it  is  composed. 
The  structure  of  some  pieces  will  show  that  it 
was  once  a liquid. 

4.  Vesuvius , in  Italy  on  the  Bay  of  Naples, 
has  been  intermittently  active  since  the  year 
79.  The  last  large  eruptions  were  in  1906  and 
1944.  The  present  active  cone  has  grown  up 
around  a vent  on  the  southern  side  of  a much 
greater  prehistoric  crater.  It  is  the  only  active 
volcano  on  the  European  continent. 

Etna,  on  the  east  coast  of  Sicily,  is  the  highest 
volcano  in  Europe,  rising  over  10,000  feet.  It 
has  been  intermittently  active  since  prehistoric 
times.  A destructive  flow  of  lava  occurred 
in  1928.  In  1947,  eruptions  caused  new  craters 
to  be  formed.  The  land  at  its  base  is  extremely 
fertile,  yielding  as  many  as  five  harvests  a year. 

Kra\atoa , an  island  in  the  East  Indies,  was 
one  of  several  cones  within  the  great  crater 
ring  of  a former  volcano.  There  are  a few 
reports  of  earlier  disturbances,  but  none  com- 
pare with  that  of  1883.  Eruptions  began  in 
May.  On  August  27,  four  great  explosions 
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blew  up  most  of  the  island,  leaving  a sub- 
terranean cavity  1000  feet  below  sea  level.  Dust 
and  ash  were  carried  thousands  of  miles.  Rocks 
and  pumice  made  new  islands,  while  great 
waves  swept  away  former  ones.  Disturbances 
in  the  air  went  around  the  earth  four  times. 

Pelee , largest  of  several  volcanoes  on  the 
island  of  Martinique  in  the  French  West 
Indies,  has  erupted  three  times  in  recorded 
history.  The  last  and  most  devastating  eruption 
was  in  1902,  when  two  explosions  destroyed 
two  towns  and  killed  many  thousands  of 
people. 

Chimborazo , Ecuador,  is  one  of  the  highest 
mountains  of  the  Andes.  Although  it  has  no 
crater,  it  is  built  on  volcanic  rock  and  so  is 
really  an  extinct  volcano. 

Mauna  Loa,  in  south  central  Hawaii,  has  a 
very  large  crater  floored  with  hard  lava,  which 
steams  in  places.  It  erupts  about  every  five 
years.  On  its  eastern  slope  is  the  still  larger 
crater  of  Kilauea,  which  contains  a lake  of 
liquid  fire  and  smokes  almost  constantly.  It  is 
known  that  the  two  volcanoes  are  not  con- 
nected, for  both  are  active  independently. 

Fujiyama,  the  sacred  mountain  of  Japan,  is 
located  some  60  miles  southwest  of  Tokyo.  It 
last  erupted  in  1707-1708.  The  highest  mountain 
in  Japan,  it  is  known  for  its  beauty  because  it 
is  simple  in  form  and  stands  isolated. 

5-6.  Individual  or  group  activities. 

7.  Rocks  will  vary  a great  deal.  Weather- 
ing often  changes  the  outside  of  a rock  so  that 
it  has  a different  color. 

8.  Individual  or  group  activity.  Railroads 
and  resorts  can  often  supply  pictures. 

9.  All  keep  the  soil  from  being  washed  down 
or  blown  away.  (See  the  picture  on  page  90 
for  contour  plowing  and  strip  cropping.) 

10.  Fields  would  otherwise  be  bare  and  ex- 
posed to  erosion  by  winter  weather. 

11.  These  minerals  are  found  in  coarse- 
grained igneous  rocks  like  granite.  The  hot, 
liquid  rock  cooled  very  slowly  far  underground. 
The  minerals  separated  and  formed  crystals. 
Quartz  crystals  look  like  glass.  Feldspar  is  usu- 
ally white  or  pink.  Mica  is  often  black. 


UNIT 


Ho  tv  Do  Germs  Make  You  Sick? 


Purpose  and  scope 

The  concepts  presented  in  this  unit  have 
practical  value  only  if  they  function  in  daily 
life.  Whether  pupils  apply  what  they  learn  de- 
pends largely  on  the  attitude  they  acquire. 
Therefore,  this  unit  strives  to  develop  an  intel- 
ligent and  cooperative  attitude  toward  personal 
and  community  health  by  explaining  the  “why” 
and  the  “how”  of  good  health  practices.  As  the 
reasons  for  health  precautions  come  to  be  un- 
derstood, this  attitude  should  become  evident 
in  the  pupils’  behavior.  For  example,  they 
should  make  sanitary  use  of  the  drinking  foun- 
tain, show  care  with  colds,  and  be  willing  to 
follow  the  directions  of  the  school  doctor  or 
nurse. 

The  continuing  conquest  of  germ  diseases  is 
an  inspiring  story  of  patience,  courage,  and 
self-sacrifice.  Through  a study  of  this  unit,  pu- 
pils should  become  aware  of  the  enormous  con- 
tribution of  science  to  their  well-being.  They 
should  also  have  increased  appreciation  for  the 
methods  and  results  of  scientists’  work. 

Science  background 

Discovering  Our  World,  Boo\  One : Unit  3, 
How  Does  Your  Body  Work?  Unit  7,  How 
Can  You  Keep  Well? 

Discovering  Our  World,  Boof{  Two:  Unit  1, 
How  Do  Living  Things  Help  and  Harm  Each 
Other?  Unit  5,  What  Are  Things  Made  Of? 
Unit  7,  Why  Do  You  Need  Food? 

General  concepts 

1.  Many  diseases  are  caused  by  germs. 

2.  The  invention  of  the  microscope  made  it 
possible  to  find  out  about  germs  and  to  develop 
modern  methods  of  fighting  germ  diseases. 

3.  There  are  several  kinds  of  tiny  plants  and 
animals  classed  as  germs. 

4.  Not  all  diseases  are  caused  by  germs. 


5.  When  bacteria  and  other  germs  get  into 
your  body,  they  cause  chemical  changes  that 
make  you  sick. 

6.  Bacteria  and  other  germs  multiply  very 
fast. 

7.  Bacteria  and  other  germs  are  in  or  on 
almost  everything. 

8.  Germs  can  be  spread  easily  from  place  to 
place  and  get  into  your  body. 

9.  Your  body  has  ways  of  preventing  germs 
from  getting  in. 

10.  Your  body  has  ways  of  destroying  germs 
that  do  get  in. 

11.  Vaccines,  serums,  and  drugs  are  chem- 
icals prepared  by  scientists  to  help  your  body 
destroy  germs. 

12.  The  spread  of  germs  can  be  prevented 
by  proper  precautions. 

Introducing  the  unit  (Page  95) 

The  unit  may  be  introduced  by  asking  pu- 
pils to  tell  any  experiences  they  may  have  had 
with  diseases.  A child  who  has  recently  been 
absent  because  of  illness  will  probably  have  a 
good  deal  to  contribute.  He  can  tell  the  class 
what  disease  he  had,  how  long  he  had  it,  how 
he  felt,  what  he  had  to  do,  if  he  were  quaran- 
tined, etc.  Another  child  may  wish  to  tell  the 
class  about  a younger  brother  or  sister  who  has 
had  some  contagious  disease.  Evidence  of  colds 
or  a quarantine  sign  in  the  community  can  also 
be  used  to  start  the  pupils  thinking  about  the 
unit  and  raising  questions. 

Have  the  pupils  read  the  introductory  section 
on  page  95  and  discuss  the  pictures  on  pages 
94  and  95.  The  activity  suggested  in  the  last 
paragraph  should  also  be  carried  out.  The  list 
of  questions  may  be  written  on  the  board  and 
kept  before  the  class  as  the  study  of  the  unit 
progresses. 
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How  have  scientists  learned  about 
germs?  (Pages  95-99) 

Concepts 

1.  Many  diseases  are  caused  by  germs. 

2.  The  invention  of  the  microscope  made  it 
possible  to  find  out  about  germs  and  to  develop 
modern  methods  of  fighting  germ  diseases. 

3.  There  are  several  kinds  of  tiny  plants  and 
animals  classed  as  germs. 

a)  Bacteria  cause  many  diseases,  but  most 

bacteria  are  harmless  and  others  helpful. 

b)  Some  yeasts  and  molds  cause  diseases. 

c ) Certain  tiny  animals  cause  diseases. 

d ) Viruses  are  usually  classed  as  germs. 

4.  Not  all  diseases  are  caused  by  germs. 

Information  for  the  teacher 

Pictures.  Page  96.  Van  Leeuwenhoek  lived 
from  1632-1723.  See  Bibliography  for  references. 

Page  97.  Left.  Pasteur  lived  from  1822-1895. 
Right.  Robert  Koch  lived  from  1843-1910.  See 
Bibliography. 

Page  98.  Left.  The  typhoid  germ  is  a large 
rod  or  bacillus  having  whip-like  appendages 
called  flagella  by  which  the  organisms  can 
move  with  great  speed  through  liquid  me- 
diums. These  flagella  are  one  of  the  character- 
istics used  in  classifying  bacteria;  a special  stain 
is  used  to  bring  them  out.  Right.  The  sleeping- 
sickness  germ  is  a protozoon , or  one-celled  ani- 
mal. This  kind  of  sleeping  sickness  is  the  Af- 
rican sleeping  sickness.  The  germ  is  carried  by 
the  tsetse  fly,  which  passes  it  on  to  people  when 
it  bites  them.  Certain  kinds  of  the  germ  infect 
animals,  too,  so  that  parts  of  Africa  can  scarcely 
be  inhabited  because  of  this  disease.  The  other 
kind  of  sleeping  sickness  called  encephalitis , 
which  sometimes  occurs  in  Canada,  is  caused 
by  a virus. 

Page  99.  Left.  The  whooping-cough  germ  is 
a very  tiny  rod-shaped  bacterium.  Right.  The 
diphtheria  germ  is  a slender,  rod-shaped  bac- 
terium. Sometimes  it  appears  to  look  like  a 
tiny  club. 

Text.  Some  of  the  “little  animals”  that  Leeu- 


wenhoek saw  were  chiefly  protozoa,  but  he  also 
saw  one  of  the  largest  bacteria,  one  of  the  long, 
spiral  forms  often  found  in  the  mouth.  Just  as 
with  other  plants,  there  are  wild  yeasts  and 
cultivated  yeasts.  The  kinds  of  yeasts  that  one 
finds  in  a yeast  cake  are  cultivated;  that  is,  they 
have  been  raised  in  pure  cultures  so  that  bakers 
and  brewers  can  be  sure  of  the  kind  of  yeast 
they  are  getting.  There  are  many  wild  yeasts 
floating  around  in  the  air.  Probably  some  of 
the  smooth  colonies  that  grow  in  the  Petri-dish 
experiment  in  the  next  problem  will  be  yeasts. 
Yeasts  are  also  the  cause  of  certain  diseases, 
such  as  some  kinds  of  ulcers  and  skin  diseases. 
There  will  be  more  about  yeasts  in  Unit  9. 

Viruses  are  so  tiny  that  they  cannot  be  seen 
with  optical  microscopes.  However,  scientists 
have  recently  been  able  to  photograph  some  of 
them  by  using  the  electron  microscope,  which 
magnifies  objects  up  to  200,000  times  their 
actual  size.  In  some  ways,  viruses  seem  to  be 
alive;  they  grow  and  reproduce  only  on  living 
things.  In  other  ways,  viruses  appear  to  be  non- 
living; they  are  giant  protein  molecules  that 
crystallize.  Some  scientists  believe  that  viruses 
may  be  a link  between  non-living  and  living 
matter  and  thus  a clue  to  life  itself. 

Procedure 

This  problem  may  be  introduced  by  raising 
some  questions.  Ask  the  pupils  why  they  think 
that  the  discovery  of  germs  was  so  important. 
After  the  discussion,  ask  them  how  they  think 
that  this  discovery  was  made.  Have  them  recall 
that  germs  are  very  tiny  plants  or  animals. 
Then  the  pupils  should  read  and  discuss  pages 
95-99. 

The  story  told  in  the  text  illustrates  an  im- 
portant fact:  Great  discoveries  are  seldom,  if 
ever,  made  by  just  one  scientist.  Without  the 
microscope  invented  by  Van  Leeuwenhoek, 
Pasteur  could  not  have  seen  the  bacteria  on  the 
silkworms.  Koch’s  work  was  made  possible  by 
Pasteur’s  discoveries.  Pupils  may  wish  to  read 
about  other  scientists  not  mentioned  in  the  text 
and  then  report  to  the  class.  For  an  additional 
activity,  see  Things  to  Do , page  119,  No.  5. 
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Questions  (Page  99) 

1.  Very  tiny  plants  or  animals  that  can  cause 
diseases.  Bacteria  that  cause  tuberculosis,  ty- 
phoid fever,  and  diphtheria.  Yeasts  and  molds. 
Tiny  animal  germs  that  cause  malaria  and 
sleeping  sickness.  Viruses  that  cause  colds,  in- 
fluenza, smallpox,  mumps,  and  measles. 

2.  (a)  No.  Other  plants  besides  bacteria  are 
germs.  Some  germs  are  animals;  others  are 
viruses.  ( b ) No.  Most  bacteria  are  harmless. 
Some  are  helpful,  such  as  those  that  change 
cider  to  vinegar  or  milk  to  cheese,  (c)  No.  Dis- 
eases may  also  be  caused  by  improper  food, 
lack  of  certain  vitamins,  allergies,  worry,  fear, 
etc. 

3.  He  was  studying  wines  to  try  to  find  out 
what  made  them  spoil.  Besides  the  yeasts  that 
he  knew  caused  the  sugar  to  turn  to  alcohol,  he 
found  some  other  tiny  living  things,  bacteria. 
He  also  found  bacteria  in  some  milk  that  had 
become  sour.  From  these  discoveries  he  began 
to  wonder  whether  bacteria  might  cause  dis- 
eases. When  asked  to  find  out  what  was  killing 
the  silkworms,  he  looked  for  and  found  bac- 
teria on  the  silkworms.  By  feeding  these  bac- 
teria to  healthy  silkworms,  he  was  able  to  show 
that  some  bacteria  cause  disease. 

4.  By  enabling  scientists  to  find  the  cause  of 
many  diseases,  many  lives  have  been  and  will 
be  saved. 

How  can  you  grow  bacteria? 

(Pages  100-103) 

Concepts 

1.  Bacteria  can  be  killed  by  sufficient  heat 
and  in  other  ways. 

2.  Bacteria  can  be  grown  by  supplying  food, 
warmth,  and  darkness. 

3.  When  bacteria  and  other  germs  get  into 
your  body,  they  cause  chemical  changes  that 
make  you  sick. 

4.  Bacteria  are  ball-shaped,  rod-shaped,  or 
spiral-shaped. 

5.  Bacteria  and  other  germs  multiply  very 
fast. 


Experiment 

Pages  100-102:  To  grow  some  bacteria. 

Materials:  Six  Petri  dishes,  nutrient  or  po- 
tato agar,  cotton,  six  test  tubes,  hot  oven  for 
baking  dishes,  container  in  which  test  tubes 
can  be  boiled,  gummed  paper  for  labelling  and 
sealing  dishes,  pencil,  milk,  coin,  warm,  dark 
place  where  dishes  can  be  kept. 

Information  for  the  teacher 

Pictures.  Page  102.  Left.  Escherichia  acidi- 
lactici , common  milk-souring  organism.  Right . 
Staphylococcus  aureus , organism  found  in 
boils,  infected  wounds,  bone  diseases,  etc. 

Page  103.  Left.  Streptococcus  mitior , organ- 
ism present  in  sore  throats  and  other  secondary 
infections.  Right.  Giant  spirillum,  a very  large 
organism  found  in  fresh  water  cultures,  used 
mainly  for  study  of  flagella. 

Text.  Pages  100-102.  The  standard  medium 
for  growing  bacteria  is  agar  to  which  suitable 
nutrients  have  been  added.  The  agar  itself  is 
not  a nutrient;  it  is  the  solidifying  agent.  You 
may  obtain  from  supply  houses  test  tubes  filled 
with  the  correct  amount  of  medium  ready  for 
pouring,  or  a flask  containing  the  medium 
ready  to  be  melted  and  poured.  Or  you  may 
obtain  a dehydrated  medium  called  nutrient 
agar,  which  needs  only  to  be  combined  with 
water  according  to  the  directions  on  the  bottle. 
(Nutrient  agar  has  beef  broth  as  its  chief 
nutrient.)  However,  a very  satisfactory  agar 
medium  can  easily  be  made;  and  making  the 
medium  adds  much  to  the  experience  of  grow- 
ing bacteria.  The  medium  given  below  is  po- 
tato agar.  Agar  can  be  purchased  at  a drug 
store,  usually  in  the  form  of  long  shreds. 

Peel  three  potatoes  and  wash  them.  Cut  them 
into  thin  slices  and  boil  them  in  a quart  of 
water  for  eight  or  ten  minutes.  Leave  the  po- 
tatoes in  the  water  and  pour  off  a pint  of  liquid. 
Strain  this  liquid  through  a clean  white  cloth. 

Cut  half  an  ounce  of  agar  into  small  pieces 
and  drop  them  into  the  liquid.  Stir  the  liquid 
and  the  agar  and  let  it  stand  for  ten  minutes. 
Now  heat  the  agar  until  you  are  sure  it  has 
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completely  dissolved.  Complete  solution  of  agar 
requires  a boiling  temperature  and  may  take 
a little  time.  When  the  agar  is  completely  dis- 
solved, strain  the  liquid  again.  To  make  strain- 
ing easier,  heat  the  cloth  by  pouring  boiling 
water  through  it.  Bring  the  volume  of  liquid 
up  to  a pint  if  some  has  been  lost  during  the 
boiling.  Then  pour  the  liquid  into  the  test 
tubes.  Fill  each  test  tube  about  half  full.  Plug 
the  test  tubes  lightly  with  a wad  of  cotton 
batting. 

Stand  the  test  tubes  in  a small  pan  contain- 
ing about  three  inches  of  water.  If  possible,  put 
a small  piece  of  wire  screening  on  the  bottom 
of  the  pan  so  that  the  test  tubes  do  not  rest 
directly  on  the  bottom  of  the  pan.  Boil  them 
slowly  for  forty-five  minutes.  Allow  the  test 
tubes  to  cool  overnight.  The  next  day  boil  them 
again  for  the  same  length  of  time.  The  agar  is 
then  considered  sterilized  and  ready  to  be 
placed  in  the  Petri  dishes  when  needed. 

The  Petri  dishes  must  be  sterilized,  too.  This 
may  be  done  in  a hot  oven.  Wrap  the  dishes  in 
newspaper  (the  six  in  one  package)  and  heat 
to  about  350°  F.  for  one  hour.  Keep  the  dishes 
wrapped  in  the  paper  until  they  are  used. 

When  you  want  to  pour  the  food  into  the 
Petri  dishes  for  use,  heat  the  solid  agar  in  the 
test  tubes  until  it  is  completely  liquefied.  When 
pouring  the  agar  into  a dish,  lift  the  cover  just 
enough  to  insert  the  mouth  of  the  test  tube,  as 
shown  in  the  picture  on  page  100. 

Page  103.  Under  ideal  conditions,  one  bac- 
terium will  divide  and  multiply  into  16,777,216 
bacteria  in  twelve  hours. 

Procedure 

The  food  for  the  bacteria  experiment  must 
be  prepared  in  advance.  Unless  the  food  and 
Petri  dishes  are  sterile,  the  results  of  the  experi- 
ment will  be  unreliable.  Follow  the  directions 
given  above.  If  some  of  the  pupils  wish  to  help 
in  the  preparation,  supervise  their  work  care- 
fully. The  pupils  can  report  what  they  did  be- 
fore the  class  begins  the  experiment. 

If  at  all  possible,  the  experiment  should  be 
done  because  it  provides  dramatic  evidence  of 
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the  widespread  occurrence  of  bacteria.  Children 
who  bite  their  fingernails  or  put  pencils,  coins, 
and  fingers  in  their  mouths  will  be  less  likely 
to  continue  these  unsanitary  habits  when  they 
observe  the  results.  The  directions  for  planting 
the  dishes  must  be  carefully  followed.  Al- 
though the  bacteria  grown  in  the  dishes  may 
be  harmless,  do  not  let  the  pupils  touch  the 
growths.  The  dishes,  each  accompanied  by  an 
explanation,  may  be  kept  for  a time  and  used 
as  an  exhibit. 

After  the  experiment  has  been  performed  and 
the  results  observed,  have  the  pupils  read  the 
rest  of  the  problem  and  examine  the  pictures  on 
pages  102-103.  They  should  also  complete  the 
table  begun  on  page  103.  The  total  number  of 
bacteria  will  astound  them. 

Questions  (Page  103) 

1.  To  kill  any  bacteria  already  on  them. 

2.  The  cotton  prevented  more  bacteria  from 
getting  in  while  the  heat  sterilized  the  food. 

3.  To  prove  that  the  live  bacteria  did  not 
come  from  the  food. 

4.  All  are  plants  that  have  one  cell.  They 
have  different  shapes. 

5.  By  dividing  into  two  smaller  plants  that 
grow  to  full  size  and  divide. 

6.  Because  some  bacteria  cause  chemical 
changes  inside  your  body  and  can  make  you 
sick. 

How  do  germs  get  into  your  body? 
(Pages  104-107) 

Concepts 

1.  Bacteria  and  other  germs  are  in  or  on  al- 
most everything. 

2.  Germs  can  be  spread  easily  from  place  to 
place  and  get  into  your  body. 

a)  Air  or  moisture  from  a sick  person’s 
nose  or  mouth,  or  his  dishes,  clothing,  etc., 
may  spread  germs. 

b)  Impure  water,  milk,  and  other  foods 
may  spread  germs. 

c ) Flies  carry  germs  on  their  bodies  and 
spread  disease. 


d ) Insects  such  as  mosquitoes,  lice,  fleas, 
etc.,  may  spread  germs  by  biting  people. 

e ) Rats  and  mice  carry  lice  and  fleas  on 
their  bodies  and  spread  disease. 

Information  for  the  teacher 

Pictures.  Page  106.  The  lamps  are  slender, 
gas-filled  tubes  that  give  off  ultraviolet  rays 
which  kill  bacteria.  The  rays  are  given  off 
when  an  electric  current  passes  through  the  gas 
in  the  tube. 

Page  107.  Be  sure  that  the  children  under- 
stand that  the  trail  of  bacteria  from  the  fly’s 
feet  was  made  when  the  bacteria  grew  into 
visible  colonies  on  the  plate.  The  bacteria  on  the 
fly’s  feet  are  too  small  to  see.  But  when  they  are 
deposited  in  a place  favorable  for  growth,  they 
multiply  and  form  colonies  that  are  visible. 
This  will  be  clear  if  the  pupils  recall  the  experi- 
ment in  the  preceding  problem. 


Procedure 


Pupils  will  usually  bring  to  this  problem  a 
good  deal  of  information  from  personal  expe- 
riences and  earlier  science  study.  The  problem 
is  intended  as  a review,  clarification,  and  sum- 
mary of  this  information.  Have  the  pupils  use 
the  concepts  developed  in  the  preceding  prob- 
lems to  recall  what  they  already  know  about 
how  germs  get  into  their  bodies.  Write  on  the 
board  the  various  ways  that  are  mentioned  by 
the  pupils  in  which  germs  are  spread.  Then  let 
them  read  the  text  and  examine  the  pictures. 
The  list  on  the  board  should  now  be  revised 
and  any  additions  made.  Keep  the  final  list, 
since  it  will  be  used  again  in  the  last  problem 
of  the  unit.  For  additional  activities,  see  Things 
to  Do,  page  119,  Nos.  4 and  7. 


1. 


Questions  (Page  107) 

1.  Through  cuts,  burns,  or  other  skin  open- 
ings; by  breathing  air  or  eating  food  that  has 
been  exposed  to  the  spray  from  coughing  and 
sneezing;  by  putting  germ-covered  pencils,  fin- 
gers, etc.,  in  the  mouth;  by  handling  things 
used  by  a sick  person;  from  impure  water, 


milk,  or  other  foods;  from  flies  that  leave 
germs  on  food;  from  mosquitoes,  lice,  and  fleas 
that  bite  sick  people. 

2.  The  other  person  may  be  sick,  and  so  the 
cup  or  glass  may  have  germs  on  it. 

3.  To  keep  the  germs  in  the  spray  from 
spreading. 

4.  Page  104:  The  paper  towel;  bandaged 
knee;  using  a handkerchief.  Page  105:  Wash- 
ing fruit;  drinking  from  a fountain.  In  each  of 
these  pictures,  care  is  taken  not  to  let  germs 
into  the  body. 

5.  Anything  that  you  touch  may  have  had 
germs  on  it.  If  your  unclean  hands  then  touch 
food,  the  germs  may  easily  get  into  your  body. 

How  does  your  body  fight  germs? 
(Pages  108-110) 

Concepts 

1.  Your  body  has  ways  of  preventing  germs 
from  getting  in. 

a)  Your  skin  keeps  many  germs  from 
ever  getting  inside  your  body. 

b)  Tiny  hairs  and  a sticky  liquid  in  your 
nose  stop  some  of  the  germs  that  are  breathed 
in. 

2.  Your  body  has  ways  of  destroying  germs 
that  do  get  in. 

a)  White  corpuscles  in  your  blood  gather 
at  the  place  where  the  germs  are  and  kill 
them. 

b ) Your  body  makes  materials  that  kill 
germs,  weaken  them,  or  destroy  the  poisons. 

c ) Your  body  can  make  these  germ  fight- 
ers more  easily  if  it  is  well  and  strong. 

Information  for  the  teacher 

Picture.  Page  109.  There  are  several  kinds 
of  white  corpuscles.  Two  kinds  are  shown  in 
this  picture.  White  corpuscles  are  classified  ac- 
cording to  size,  shape  of  the  nucleus,  and  the 
way  in  which  they  stain.  Some  are  known  as 
phagocytes  (cell  eaters)  because  they  eat  or  dis- 
solve cells,  such  as  bacterial  cells. 

Text.  The  sticky  liquid  in  the  nose  is  called 
mucus. 
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Procedure 

At  this  point  in  the  unit,  some  of  the  pupils 
may  begin  to  wonder  why  they  are  not  sick 
most  of  the  time,  as  indicated  in  the  first  para- 
graph on  page  108.  To  introduce  the  problem, 
ask  the  pupils  why  they  think  it  is  important 
not  to  cut  or  burn  themselves.  Also  ask  why 
cuts  or  burns  should  be  promptly  taken  care  of 
and  refer  to  the  picture  on  page  108.  The  ques- 
tions will  bring  out  the  concept  that  the  skin 
keeps  many  germs  from  getting  into  the  body. 
Now  have  the  pupils  read  and  discuss  the  first 
three  paragraphs  on  page  108. 

Then  ask  what  happens  when  germs  do  get 
into  the  body.  Have  the  pupils  recall  what  they 
learned  on  pages  102-103.  (When  germs  get 
into  your  body,  they  cause  chemical  changes 
that  make  you  sick.  Germs  multiply  very  fast.) 
Let  the  pupils  read  the  next  three  paragraphs, 
which  summarize  and  extend  these  concepts. 

Pupils  are  now  ready  to  read  and  discuss  the 
rest  of  the  problem.  Stress  the  fact  that  your 
body  can  fight  germs  better  if  it  is  well  and 
strong.  Have  pupils  recall  some  of  the  ways  in 
which  they  can  keep  their  bodies  healthy,  such 
as  eating  the  proper  foods,  getting  the  right 
amount  of  exercise  and  rest,  keeping  your  skin 
clean,  etc. 

Questions  (Page  110) 

1.  Skin;  tiny  hairs  and  the  sticky  liquid  in 
the  nose. 

2.  They  settle  in  the  place  where  they  can 
live  best  and  begin  to  grow  and  multiply  by 
using  your  body  for  food.  As  they  grow,  they 
make  toxins,  which  get  into  your  blood. 

3.  White  corpuscles  in  the  blood  pass  into 
cells  where  germs  are  and  eat  the  germs.  Also, 
certain  cells  make  materials  that  can  kill 
germs,  make  germs  more  appetizing  to  white 
corpuscles,  or  change  toxins  to  make  them 
harmless. 

4.  A toxin  is  a poison.  An  antitoxin  is  a 
material  that  changes  toxins  and  makes  them 
harmless.  Your  body  makes  antitoxins.  Germs 
make  toxins. 


How  do  scientists  help  your  body  fight 
germs?  (Pages  110-112) 

Concepts 

Vaccines,  serums,  and  drugs  are  chemicals 
prepared  by  scientists  to  help  your  body  destroy 
germs. 

a)  Vaccines  prevent  disease  by  causing 
your  body  to  make  antitoxins  that  make  the 
germs  harmless. 

b ) Serums  prevent  disease  because  they 
contain  antitoxins. 

c ) Scientists  have  discovered  several  new 
drugs  that  will  kill  bacteria  which  get  into 
the  body. 

Information  for  the  teacher 
Pictures.  Page  110.  A doctor  examines  a 
boy’s  throat  by  use  of  a tongue  depressor  and 
light  reflected  by  a head  mirror. 

Page  111.  Boy  is  being  vaccinated. 

Page  112.  This  serum  is  used  as  a preven- 
tive against  tetanus,  gas  gangrene,  scarlet  fever, 
diphtheria,  and  other  diseases. 

Text.  This  problem  deals  with  immunity 
given  to  the  body  by  vaccines  and  serums,  and 
with  certain  drugs  that  have  been  developed  to 
fight  bacterial  infections.  The  type  of  immunity 
produced  by  vaccines  is  called  active  immunity , 
because  the  body  itself  is  active  in  producing 
the  antibodies  (antitoxins),  etc.  The  body  is 
stimulated  to  produce  the  antibodies  by  the  in- 
troduction of  the  bacteria  themselves  or  the 
toxin  produced  by  the  bacteria  as  they  grow. 
The  type  of  immunity  conferred  by  a serum  is 
called  passive  immunity , because  the  body  that 
receives  it  has  not  made  the  antibodies.  They 
have  been  made  in  the  body  of  some  animal 
(such  as  a horse  in  the  case  of  diphtheria  anti- 
toxin) or  in  the  body  of  someone  who  has  had 
the  disease. 

The  first  sulfa  drug  was  sulfanilamide.  This 
had  certain  bad  effects,  so  that  many  other 
sulfa  drugs  were  prepared  and  tried  out.  To- 
day, the  most  common  sulfas  are  sulfadiazine 
and  sulfathiazole.  Penicillin  is  made  by  a mold, 
Penicillium  notatum , which  is  related  to  one 
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kind  of  bread  mold.  Another  drug,  streptomy- 
cin, comes  from  a one-celled  plant,  Strepto- 
myces  griseus.  Drugs  such  as  these  are  called 
antibiotics.  Aureomycin,  chloromycetin  and 
terramycin  are  some  of  the  newer  ones. 

Procedure 

A good  way  to  introduce  this  problem  is  to 
ask  the  pupils  who  have  been  vaccinated  to 
raise  their  hands.  Practically  all  of  them  should 
do  this.  Let  them  tell  how  and  when  they  re- 
ceived the  vaccination.  They  should  also  men- 
tion the  disease  for  which  they  were  vaccinated. 
Ask  them  whether  they  had  the  disease  after- 
wards. Then  say,  “Do  you  think  vaccination  is 
a good  way  to  prevent  this  disease?  Why  do 
you  think  so?”  After  the  discussion,  have  the 
pupils  read  the  first  three  paragraphs  to  check 
their  conclusion  and  to  find  additional  informa- 
tion. 

Many  of  the  pupils  will  have  had  “shots,” 
or  inoculations,  for  diphtheria,  whooping 
cough,  and  possibly  scarlet  fever.  However, 
since  these  are  usually  given  early  in  life,  the 
children  may  not  recall  them.  If  necessary,  have 
the  pupils  ask  their  parents  or  the  family  doctor 
whether  they  received  “shots”  for  any  of  these 
diseases.  The  inoculations  are  made  with  var- 
ious serums,  which  may  be  given  either  before 
or  after  the  disease  is  contracted.  Some  of  the 
pupils  may  have  had  measles  serum.  As  with 
vaccines,  raise  questions  and  then  have  the  pu- 
pils read  the  next  two  paragraphs  of  the  text 
to  find  out  about  serums. 

The  rest  of  the  problem  deals  with  the  so- 
called  “miracle”  drugs,  the  sulfas  and  penicil- 
lin. Some  of  the  pupils  or  members  of  their 
families  have  undoubtedly  taken  these  drugs 
during  an  illness.  Have  the  pupils  read  to  the 
end  of  the  problem  and  then  discuss  what  they 
have  learned.  For  additional  activities,  see 
Things  to  Do,  page  119,  Nos.  2,  6,  and  8. 

Questions  (Page  112) 

1.  A liquid  put  into  a person’s  body  to  pre- 
vent a disease.  It  helps  the  body  produce  anti- 
toxins. 


2.  A liquid  put  into  a person’s  body  to  pre- 
vent or  cure  a disease.  It  contains  antitoxins 
that  make  toxins  harmless. 

3.  New  drugs  such  as  the  sulfas  and  penicil- 
lin have  been  discovered  that  will  cure  diseases 
from  which  people  might  otherwise  have  died. 

How  can  we  keep  germs  from 
spreading?  (Pages  113-117) 

Concepts 

The  spread  of  germs  can  be  prevented  by 
proper  precautions. 

a)  Water,  milk,  and  other  foods  should  be 
kept  pure  and  clean. 

b ) Garbage  and  rubbish  should  be  cleaned 
up  to  help  get  rid  of  flies  and  rats. 

c ) Flies,  mosquitoes,  lice,  and  fleas  should 
be  destroyed. 

d ) People  with  diseases  that  can  easily  be 
carried  to  others  should  be  quarantined. 

e ) Chemicals  should  be  used  to  kill  germs 
in  sickrooms. 

Experiment 

Page  113:  To  find  out  how  water  is  filtered. 
Materials:  Lamp  chimney,  piece  of  cloth, 
piece  of  string  or  rubber  band,  clean  gravel, 
clean  sand,  muddy  water,  two  glasses. 

Information  for  the  teacher 

'“A-  "v 

In  some  places  certified  mil\  is  often  used. 
This  is  raw  (unpasteurized)  milk  that  is  pro- 
duced and  bottled  under  such  clean  conditions 
that  the  milk  can  be  certified  to  have  an  exceed- 
ingly low  bacterial  count.  It  is  presumably  safe 
as  far  as  germs  are  concerned,  and  it  keeps 
longer  because  of  fewer  milk-souring  bacteria. 
However,  there  is  always  danger  of  infecting 
the  milk  at  some  stage  in  the  production.  For 
this  reason  and  because  the  milk  costs  more  due 
to  the  increased  cost  of  meeting  the  production 
requirements,  it  is  not  so  widely  used  as  pas- 
teurized milk. 

Pasteurizing  milk  does  not  kill  all  the  bac- 
teria in  the  milk,  but  fortunately  all  the  dis- 
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ease-producing  forms  are  killed  by  this  degree 
of  heat.  Milk-souring  organisms  and  many 
other  harmless  bacteria  are  resistant  to  the  tem- 
perature used  in  pasteurizing.  Though  these 
bacteria  are  harmless,  the  numbers  present  in 
the  milk  are  an  indication  of  the  cleanliness 
surrounding  the  milk  during  production  and 
handling.  There  are  several  grades  of  pasteur- 
ized milk.  Grade  “A”  has  the  lowest  number 
of  bacteria  both  before  and  after  pasteurizing. 

Articles  on  the  use  of  DDT  appear  in  many 
of  the  current  and  recent  magazines.  DDT 
should  not  be  used  indiscriminately.  It  is  poi- 
sonous to  people,  pets,  and  farm  animals  as 
well  as  many  insects. 

The  terms  germicide  and  disinfectant  are 
often  confused  or  used  interchangeably  with 
antiseptic.  As  the  text  indicates,  germicide 
means  germ  killer;  that  is,  the  germ  is  actually 
killed.  A disinfectant  is  also  a germicide.  An 
antiseptic,  however,  only  inhibits  the  growth 
and  activities  of  the  germs.  If  the  antiseptic 
situation  is  removed,  the  germs  may  start  grow- 
ing again.  Some  materials  that  are  used  as 
germicides  may  be  only  antiseptic  in  action  if 
the  solution  is  made  weaker. 

Procedure 

To  introduce  this  problem,  refer  to  the  list  of 
ways  in  which  germs  get  into  the  body.  (See 
pages  104-107  of  the  text.)  Ask  the  pupils  how 
they  can  use  what  they  have  already  learned 
to  keep  germs  from  spreading.  Write  the  sug- 
gestions on  the  board.  Then  let  the  pupils  read 
and  discuss  the  first  three  paragraphs  on  page 
113.  Now  have  the  pupils  read  the  next  para- 
graph and  do  the  experiment.  After  they  have 
observed  the  results,  they  should  read  down  to 
the  last  paragraph  on  page  114.  Then  ask  them 
to  tell  how  the  water  they  drink  is  made  pure. 

Before  the  children  read  the  next  two  para- 
graphs about  pure  milk,  have  them  examine  the 
labels  on  milk  bottles  or  cartons.  The  label 
should  give  the  name  of  the  dairy  and  the 
grade  of  milk,  and  should  tell  whether  the  milk 
is  pasteurized  or  certified.  The  butterfat  con- 
tent should  also  be  shown.  The  pictures  at 
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the  top  of  page  115  can  be  used  to  start  the 
study  of  the  next  paragraph,  which  deals  with 
pure  food.  In  a similar  way,  use  the  picture  on 
page  116  to  begin  the  study  of  insect  control, 
which  is  taken  up  in  the  next  three  paragraphs. 

The  rest  of  the  unit  should  now  be  read  and 
discussed.  If  necessary,  pronounce  quarantine , 
germicide,  fumigate,  and  epidemic  for  the  pu- 
pils, or  have  them  refer  to  Science  Words  for 
the  pronunciation.  To  summarize  the  problem 
and  conclude  the  unit,  ask  the  school  doctor  or 
nurse  to  give  a talk  to  the  class.  Pupils  should 
be  encouraged  to  look  for  places  where  germs 
may  be  spread  at  school,  at  home,  and  in  the 
community.  Individuals  or  groups  may  make 
these  investigations  and  report  their  findings  to 
the  class.  For  additional  activities,  see  Things 
to  Do,  page  119,  Nos.  1,  3,  9,  and  10. 

Questions  (Page  117) 

1.  A visit  to  or  a talk  by  some  member  of 
a health  board,  sanitary  board,  a county  nurse 
or  doctor  will  help  answer  this. 

2.  Answers  may  include:  by  inspection  of 
barns,  cows,  dairies,  milk  containers,  and  by 
pasteurizing  the  milk  itself. 

3.  Many  schools  require  regular  physical  ex- 
aminations, maintain  a doctor  or  nurse  to  treat 
or  send  home  students  who  are  ill,  keep  first- 
aid  material  on  hand,  keep  careful  checks  on 
lunchrooms  or  any  other  handling  of  food,  ster- 
ilize locker  rooms,  etc. 

4.  Keep  away  from  others  to  prevent  the 
spread  of  disease.  Pupils  may  also  tell  about 
their  own  experiences. 

5.  List  may  include:  water  must  be  kept 
pure  by  filtering,  spraying  through  air,  adding 
chemicals,  and  testing;  milk  must  be  pasteur- 
ized; all  dairies,  milk  containers,  and  handlers 
kept  clean;  stores  and  restaurants  must  be  kept 
clean  and  all  food  protected  or  refrigerated; 
dirt  and  rubbish  must  be  cleared  away  and 
burned  and  garbage  collected  frequently;  mos- 
quitoes and  flies  should  be  killed  and  buildings 
screened  from  them;  sick  people  must  be  quar- 
antined. 


6.  Answers  may  include:  filtering,  spraying, 
chemicals,  and  testing. 

7.  By  spreading  oil  where  they  breed  or 
spraying  them  with  DDT. 

Questions  to  answer  (Page  118) 

Pictures.  Left.  The  water  is  tested  frequently 
and  known  to  be  free  of  disease  germs.  Right. 
People  who  handle  food  must  be  very  careful 
to  wash  their  hands  to  remove  any  germs  that 
might  be  on  them.  Germs  are  easily  spread  on 
food  because  it  is  a good  place  for  them  to 
grow. 

1.  Germs  are  too  small  to  be  seen  by  the 
naked  eye.  After  the  microscope  was  invented, 
scientists  saw  bacteria  and  then  learned  that 
some  of  them  were  germs. 

2.  Some  diseases  are  more  easily  carried 
from  one  person  to  another. 

3.  The  experiment  was  not  done  carefully. 
The  dish  or  the  food  was  not  sterilized  well 
enough,  because  no  live  bacteria  should  be  in 
Dish  6. 

4.  Vaccine  kept  people  from  getting  typhus. 
DDT  killed  the  lice  and  fleas  that  carried  the 

disease. 

5.  Boil  it.  By  pasteurizing  it. 

6.  List  may  include : clean  and  bandage  cuts, 
burns,  etc.,  immediately;  keep  fingers,  pencils, 
coins,  etc.,  out  of  your  mouth;  wash  hands  and, 
if  necessary,  food  before  eating;  avoid  sick  peo- 
ple and  any  objects  they  have  handled;  insist 
on  pure  water,  milk,  and  food;  take  frequent 
baths;  blow  your  nose  gently. 

7.  Stay  home;  call  a doctor. 

8.  It  can  usually  make  enough  white  cor- 
puscles or  antitoxins  to  kill  germs  before  they 
can  make  you  sick. 

9.  Keep  clean;  eat  the  proper  foods;  get 
enough  exercise  and  rest. 

10.  Wash  hands  frequently;  use  handker- 
chief when  coughing  or  sneezing;  stay  away 
from  people  when  sick;  sterilize  and  fumigate 
after  an  illness,  etc. 

11.  Ali\e:  They  are  both  put  into  your  body 
to  keep  you  from  getting  diseases.  Different: 


Vaccine  makes  your  body  produce  antitoxins. 
Serum  contains  antitoxins. 

12,  Horses  help  produce  serum  for  diph- 
theria. When  diphtheria  toxin  is  put  into  a 
horse,  its  body  produces  antitoxins  and  pours 
them  into  the  blood.  Serum  can  then  be  made 
from  this  blood. 

13.  Many  germs  are  carried  by  people;  and  so 
the  more  people  in  a place,  the  more  germs 
there  are  to  be  spread.  Also,  closer  contact 
spreads  germs  more  easily. 


Things  to  do  (Page  119) 

1.  Individual  or  group  activity.  Many  cities 
make  complete  reports  every  hour  with  extra 
checks  every  half  hour  or  fifteen  minutes,  de- 
pending on  weather  or  other  conditions. 

2 and  4.  Encyclopedias  and  many  medical 
books  give  these  stories.  (Also  see  pamphlets 
on  health  in  the  Bibliography.) 

3.  Individual  or  group  activity. 

5.  Cows  may  have  tuberculosis;  sheep  have 
anthrax,  caused  by  bacteria.  Cattle  may  have 
hoof-and-mouth  disease  caused  by  a virus. 
Some  common  plant  diseases  are  wheat  rust, 
corn  smut,  apple  scab,  chestnut  blight,  wilts  of 
tomatoes,  asters,  etc.,  all  caused  by  fungi.  Many 
other  plant  and  animal  diseases  can  be  found 
by  consulting  encyclopedias,  general  botany, 
zoology,  or  biology  texts. 

6.  Fleming  discovered  penicillin  in  1929,  but 
it  was  not  purified  until  ten  years  later  when 
Dr.  Howard  B.  Florey  directed  work  on  it  at 
Oxford,  England.  Its  great  value  was  not 
known  until  then.  Only  more  recent  books  will 
contain  information  on  its  discovery. 


7.  Disease 
Malaria 
Yellow  fever 

Typhus 

African  sleeping 
sickness 

Rocky  Mountain 
spotted  fever 
Plague 


Carried  by 

Mosquito  (Anopheles) 
Mosquito 

(Aedes  aegypti) 
Body  louse,  flea 
Tsetse  fly 

Tick  on  cattle  and 
some  wild  animals 
Fleas  on  rats 
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8.  Many  current  and  recent  magazines  as 
well  as  encyclopedias  have  articles  on  the  sulfa 
drugs.  Sulfanilamide,  used  in  infections  with 
streptococci,  gonococci,  and  meningococci,  is 
the  base  from  which  most  other  sulfa  drugs 
were  made.  Most  common  are:  sulfapyridine 
for  certain  types  of  pneumonia;  suifathiazole 
for  pneumococcus  and  staphylococcus  infec- 
tions; sulfadiazine  for  pneumonia,  streptococ- 
cus and  staphylococcus  infections,  and  meningi- 
tis; and  sulfaguanidine  for  bacillary  dysentery 
and  colonic  surgery. 


9.  History  books  and  encyclopedias  give  ac- 
counts of  the  Black  Death  of  1330  to  1350  and 
again  (this  time  known  as  Bubonic  Plague)  in 
the  seventeenth  century.  Some  of  the  earliest 
recorded  epidemics  date  back  to  Roman  times. 
From  then  on,  Europe  was  devastated  at  inter- 
vals by  smallpox,  leprosy,  scurvy,  influenza, 
measles,  chicken  pox,  typhus,  whooping  cough, 
malaria,  and  other  diseases  that  are  difficult  to 
diagnose  due  to  conflicting  reports.  Periods  of 
war  nearly  always  brought  epidemics. 

10.  Individual  or  group  activity. 


UNIT 


How  Do  We  Use  Electric  Current? 


Purpose  and  scope 

Everywhere  in  their  daily  living,  pupils  en- 
counter electric  current,  as  it  is  used  to  help 
them  in  many  ways.  This  unit  will  help  the 
children  become  better  acquainted  with  this 
useful  source  of  energy  and  learn  to  use  it  safely 
as  well  as  to  appreciate  its  importance.  Since 
the  usefulness  of  electric  current  and  some  of 
the  fundamental  facts  about  it  are  the  essential 
ideas  to  be  understood,  technical  terms  have 
been  kept  to  a minimum.  The  concepts  devel- 
oped in  this  unit  furnish  a valuable  background 
for  later  study  of  science.  For  example,  the  next 
unit  of  this  book  deals  with  light,  for  which 
electric  current  is  widely  used. 

Science  background 

Loo\  and  Learn:  Unit  2,  Machines 

All  Around  Us:  Unit  2,  Getting  Work  Done 

How  Do  We  Know?:  Unit  4,  Wheels  and 
Levers 

Discovering  Our  World , Boo\  One:  Unit  6, 
What  Can  Magnets  Do? 

Discovering  Our  World , Boo\  Two:  Unit  2, 
What  Makes  Things  Move?  Unit  3,  How  Is 
Our  Work  Made  Easier?  Unit  5,  What  Are 
Things  Made  Of? 
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Discovering  Our  World,  Boo\  Three:  Unit 
1,  What  Makes  Sound? 

General  concepts 

1.  Electric  current  can  be  produced  by  chem- 
ical change  or  by  generators  that  use  the  energy 
of  water,  steam,  wind,  or  exploding  gas. 

2.  Electric  current  will  flow  only  when  there 
is  a closed  circuit. 

3.  Electric  current  always  follows  the  short- 
est possible  path. 

4.  Electric  current  flows  through  conductors 
but  not  through  non-conductors , or  insulators. 

5.  Electrical  appliances  and  wires  may  be  ex- 
tremely dangerous  if  they  are  not  used  carefully 
or  insulated  properly. 

6.  Buildings  are  protected  from  short  circuits 
by  fuses  and  circuit  breakers. 

7.  Electric  current  can  be  controlled  by 
switches  and  transformers. 

8.  Electric  current  can  be  used  to  make  heat. 

9.  Electric  current  can  be  used  to  give  light. 

10.  Electric  current  can  be  used  to  make  a 
magnet. 

11.  An  electromagnet  can  make  things  move. 

12.  A telegraph,  an  electric  bell,  and  an  elec- 
tric motor  all  work  by  using  electromagnets. 


Introducing  the  unit  (Page  121) 

Information  for  the  teacher 

Picture.  Page  120.  Part  of  Lake  Shore  Drive, 
Chicago,  at  night.  The  importance  of  electricity 
in  lighting  a large  city  is  emphasized  by  the 
lights  in  office  buildings,  well-lighted  streets, 
and  exterior  flood-lighting.  The  beacon  on  the 
tallest  building  is  used  as  a guide  by  airplanes 
and  boats  approaching  the  city. 

Procedure 

To  start  this  unit,  let  the  children  study  the 
picture  on  page  121  and  tell  what  they  think  it 
shows.  Then  have  them  read  and  discuss  the 
story  in  the  text.  They  may  wish  to  tell  about 
similar  happenings  in  their  own  community. 
(In  parts  of  the  country  where  snow  is  uncom- 
mon, interruptions  of  electrical  service  are 
sometimes  caused  by  strong  winds,  thunder- 
storms, floods,  etc.) 

Now  raise  some  questions  about  what  hap- 
pened in  the  story  and  let  the  pupils  try  to 
answer  them.  For  example,  ask  why  the  lights 
in  the  city  went  out  when  the  wires  snapped, 
how  batteries  could  supply  current,  and  how 
current  was  produced  in  the  powerhouse.  The 
pupils’  answers  should  be  revised  as  the  study 
of  the  unit  progresses. 

Where  does  electric  current  come  from? 
(Pages  122-126) 

Concepts 

1.  Electric  current  can  be  produced  by  chem- 
ical change  in  a dry  cell  or  a wet  cell. 

2.  Electric  current  can  be  produced  by  gen- 
erators that  use  the  energy  of  moving  water, 
steam,  wind,  or  exploding  gas. 

Experiments 

Page  122:  To  find  out  what  is  inside  a dry 
cell. 

Materials  : Old,  worn-out  dry  cell  (No.  6 dry 
cell  if  possible) . 

Pages  123-124:  To  make  a wet  cell  and  show 
how  it  works. 


Materials  : Glass  tumbler  or  small  glass 
jar,  sulphuric  acid  and  water,  strip  of  zinc  and 
strip  of  copper,  each  one  inch  wide  and  five 
inches  long,  two  to  three  feet  of  covered  copper 
wire,  small  electric-light  bulb  and  socket, 
small  electric  bell. 

Information  for  the  teacher 

The  active  chemical  in  most  dry  cells  is 
ammonium  chloride,  or  sal  ammoniac.  There 
is  usually  some  manganese  dioxide  in  the  mix- 
ture to  prevent  hydrogen  from  collecting  on  the 
carbon  rod.  Hydrogen  on  the  carbon  rod  stops 
the  chemical  action  of  the  cell.  When  the  zinc 
is  changed  into  a “soft,  white  powder,”  it  be- 
comes zinc  oxide. 

When  mixing  the  water  and  sulphuric  acid 
for  the  wet  cell,  be  sure  to  pour  the  acid  slowly 
into  the  water.  If  the  water  is  poured  into  the 
acid,  a dangerous  spattering  occurs.  It  is  a good 
precaution  to  have  some  household  ammonia  or 
baking  soda  handy  to  neutralize  any  acid  that 
may  be  spilled. 

The  drinking  glass  or  glass  jar  used  for  the 
wet  cell  should  be  thin  glass  rather  than  thick, 
since  thick  glass  may  be  cracked  by  the  heat 
produced  in  mixing  acid  and  water. 

When  making  electrical  connections,  always 
be  sure  that  the  points  of  contact  are  clean  and 
the  connections  tightly  made;  otherwise  the 
current  cannot  flow. 

The  bubbles  that  collect  on  the  metal  strips 
in  the  wet  cell  are  bubbles  of  hydrogen.  Con- 
sult a high-school  general  science  or  chemistry 
text  if  further  details  about  the  chemistry  of 
dry  and  wet  cells  are  desired. 

Procedure 

Ask  the  pupils  to  name  the  two  sources  of 
electric  current  mentioned  in  the  story  on  page 
121  (powerhouse,  batteries).  Have  them  recall 
the  concepts  relating  to  electrical  energy  and 
the  transformation  of  energy  in  Discovering 
Our  World , Boo\  Two,  Unit  2,  and  those  relat- 
ing to  chemical  change  in  Unit  5 of  the  same 
book.  The  important  concepts  to  be  recalled  are 
as  follows: 
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1.  Electric  current  can  be  made  in  two  ways. 

a)  Electric  current  is  made  to  flow  by  a 

machine  that  is  run  by  some  other  force. 

b ) Electric  current  is  made  to  flow  by  an 

electric  cell. 

2.  One  form  of  energy  can  be  changed  into 
another  form  of  energy. 

Now  have  the  pupils  examine  a dry  cell,  fol- 
lowing the  directions  and  using  the  picture  on 
page  122.  Then  let  them  read  to  the  end  of  the 
Erst  paragraph  on  page  123  and  discuss  what 
they  have  learned.  Stress  the  fact  that  a battery 
really  means  two  or  more  cells  connected  to- 
gether. 

The  pupils  should  next  perform  the  experi- 
ment with  the  wet  cell  described  and  illustrated 
on  page  123.  Warn  them  not  to  touch  the  acid 
or  get  it  on  their  clothing.  If  the  cell  is  properly 
made  and  connected,  it  will  produce  enough 
current  to  light  a small  bulb  or  ring  a small 
bell.  Now  let  the  pupils  read  and  discuss  the 
text  down  to  the  end  of  the  first  column  on 
page  124.  If  a storage  battery  is  available,  they 
should  examine  it.  They  may  also  wish  to  carry 
out  the  activity  suggested  in  Things  to  Do , 
page  155,  No.  3. 

The  rest  of  the  problem  deals  with  the  source 
from  which  we  get  most  of  our  electric  current. 
Before  or  after  reading  and  discussing  the  text, 
the  children  should  have  an  opportunity  to  see 
a generator  in  operation.  If  possible,  they 
should  take  a trip  to  the  local  powerhouse  (or 
substation),  as  suggested  in  Things  to  Do,  page 
155,  No.  1.  (In  communities  where  there  are 
no  power  lines,  pupils  may  observe  generators 
in  farm  power  plants  or  in  automobiles.)  An- 
other activity  is  given  in  Things  to  Do,  No.  9. 

Questions  (Page  126) 

1.  A chemical  change  must  take  place. 

2.  The  chemical  change  stops.  Then  no  more 
current  can  be  made. 

3.  A battery  is  two  or  more  cells  connected 
together. 

4.  Unlike  a storage  battery  made  of  wet  cells, 
a dry  cell,  when  dead,  cannot  be  charged  to  sup- 
ply current  again. 


5.  Moving  water.  Water  from  a dam  or 
waterfall  rushes  through  the  turbine,  making 
the  generator  turn.  Steam.  Burning  coal  or 
some  other  fuel  changes  water  to  steam,  which 
is  forced  against  the  blades  of  the  turbine,  mak- 
ing the  generator  turn.  Moving  air.  Wind  turns 
a windmill  that  is  connected  to  a generator. 
Exploding  gas.  When  gas  explodes  in  a gaso- 
line or  Diesel  engine,  it  pushes  with  enough 
force  to  turn  a generator. 

6.  Answers  will  vary  with  the  community. 
Probably  steam  or  moving  water. 

How  do  we  connect  electrical 
appliances?  (Pages  127-129) 

Concepts 

1.  Electric  current  will  flow  only  when  there 
is  a closed  circuit,  or  path  from  the  source  of 
the  electric  current  through  the  appliance  and 
back  again  to  the  source. 

2.  Electrical  appliances  may  be  dangerous  if 
they  are  not  handled  properly  and  used  care- 
fully. 

Experiments  and  observations 

Page  127:  To  show  that  electric  current  flows 
only  in  a closed  circuit. 

Materials:  Two  pieces  of  insulated  copper 
wire,  small  electric-light  bulb  and  socket,  dry 
cell. 

Page  128:  To  observe  the  circuit  in  an  electric 
cord. 

Materials  : Cords  of  electric  iron  and  toaster. 

Information  for  the  teacher 

Picture.  Page  129.  The  meter  may  be  on  the 
outside  or  inside  of  the  house.  If  three  wires 
enter  the  meter,  two  of  them  are  “hot  wires” 
and  the  other  is  the  ground,  or  neutral,  wire. 

Text.  This  problem  develops  the  concept  of 
a circuit,  which  is  essential  to  an  understanding 
of  how  we  use  and  control  electric  current. 
Every  complete  circuit  consists  of  at  least  three 
parts:  (1)  a source  of  current  (cell,  generator), 

(2)  a path  for  the  current  (usually  wires),  and 

(3)  a device  to  use  the  current  (light  bulb. 
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toaster,  bell,  motor,  etc.).  The  preceding  prob- 
lem dealt  with  the  principal  sources  of  current. 
This  problem  is  concerned  primarily  with  the 
path  for  the  current.  Later  problems  will  take 
up  some  of  the  devices  that  use  the  current. 

Procedure 

To  introduce  the  problem,  let  the  pupils  try 
to  answer  the  question  stated  in  the  problem 
title.  They  will  probably  say  that  they  connect 
an  electrical  appliance  by  plugging  it  in  or  turn- 
ing a switch.  Then  raise  questions  such  as, 
“Why  must  you  do  this?”  “What  happens 
when  you  do  it?”  etc.  Write  the  answers  on 
the  board  and  then  have  the  pupils  do  the 
experiment  described  and  illustrated  on  page 

127.  Every  child  should  have  this  experience, 
since  a knowledge  of  the  meaning  of  open  and 
closed  circuits  is  necessary  to  an  understanding 
of  the  rest  of  the  unit. 

After  the  pupils  have  read  and  discussed  the 
text  down  to  the  second  paragraph  on  page 

128,  let  them  examine  the  cords  of  electric  irons 
and  toasters  and  then  read  to  the  end  of  page 

128.  The  children  may  wish  to  trace  the  wires 
that  bring  electric  current  to  their  homes  or  to 
the  school  building.  If  a new  building  is  being 
constructed  in  the  community,  try  to  arrange 
a trip  to  see  how  the  wires  are  being  installed. 

The  children  should  now  read  and  discuss 
the  last  paragraph  and  the  safety  rules  on  page 

129.  Needless  to  say,  these  rules  and  similar 
ones  in  the  next  four  problems  should  be  thor- 
oughly understood  and  faithfully  followed. 
Thousands  of  tragic  accidents  occur  every  year 
because  people  are  careless  in  using  electric 
current.  To  bring  this  fact  forcefully  to  the 
pupils,  urge  them  to  carry  out  the  activity  sug- 
gested in  Things  to  Do,  page  155,  No.  12. 

Questions  (Page  129) 

1.  A circuit  through  which  current  will  flow. 
A circuit  that  is  broken  so  that  current  will  not 
flow. 

2.  It  becomes  an  open  circuit,  and  the  cur- 
rent stops  flowing. 


3.  It  goes  from  the  outlet  through  one  prong 
at  the  end  of  the  cord  to  one  wire  in  the  cord, 
through  the  socket  into  one  prong  of  the  appli- 
ance, through  the  appliance,  back  out  the  other 
prong,  through  the  socket  and  the  other  wire 
in  the  cord,  and  out  the  other  prong  of  the 
cord  to  the  outlet. 

4.  Yes.  If  not,  there  would  be  no  current. 

5.  If  you  do  not,  you  can  be  badly  burned  or 
even  killed. 

Why  are  electric  wires  covered? 
(Pages  130-132) 

Concepts 

1.  Electric  current  always  follows  the  short- 
est possible  path. 

a)  When  electric  current  leaves  its  in- 
tended path  and  follows  a shorter  one,  a 
short  circuit  is  produced. 

b ) A short  circuit  prevents  the  electric 
current  from  reaching  the  appliance  in- 
tended for  its  use. 

c)  A short  circuit  makes  wires  get  hot 
enough  to  start  a fire. 

d ) To  prevent  short  circuits,  insulated 
wires  are  used. 

2.  Electric  current  flows  easily  through  ma- 
terials called  conductors  but  not  through  mate- 
rials called  non-conductors , or  insulators. 

3.  Electric  wires  may  be  extremely  danger- 
ous if  they  are  not  properly  insulated. 

Experiments 

Page  130:  To  find  out  what  a short  circuit  is. 
Materials  : Dry  cell,  small  electric-light  bulb 
and  socket,  bare  copper  wire. 

Page  131:  To  show  why  wires  are  insulated. 
Materials  : Dry  cell,  small  electric-light  bulb 
and  socket,  insulated  copper  wire. 

Pages  131-132:  To  show  that  wires  are  heated 
when  a short  circuit  takes  place. 

Materials:  Same  as  for  page  130. 

Information  for  the  teacher 

Picture.  Page  131.  Different  kinds  of  glass 
and  porcelain  insulators. 
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Procedure 

Follow  the  same  general  procedure  used  in 
the  preceding  problem.  Raise  questions  and  let 
the  pupils  try  to  answer  them.  For  example,  if 
the  pupils  traced  the  wires  in  their  homes  or 
school,  or  visited  a building  under  construction, 
ask  them  whether  the  wires  were  bare  or  cov- 
ered. Ask  the  same  question  about  the  wires 
used  in  the  experiment  on  page  127  and  the 
cords  for  electrical  appliances.  Now  ask  why 
they  think  electric  wires  are  covered.  Then  have 
the  pupils  do  the  experiments  and  check  their 
findings  by  reading  the  text.  The  safety  rules 
on  page  132  should  then  be  read  and  discussed. 

As  an  additional  activity,  the  pupils  may  wish 
to  plan  and  carry  out  an  experiment  to  find  out 
whether  various  materials  are  conductors  or 
non-conductors.  Use  the  same  apparatus  as  that 
pictured  on  page  130  but  cut  one  of  the  wires. 
Then  connect  the  ends  of  this  wire  to  different 
materials.  Use  articles  made  of  wood,  glass, 
porcelain,  rubber,  cloth,  plastics,  and  metals. 
The  carbon  rod  from  an  old  dry  cell  may  also 
be  tested.  If  the  bulb  lights,  the  material  is  a 
conductor.  Only  the  metals  and  the  carbon  will 
conduct  electric  current.  (If  water  is  tested,  it 
will  not  conduct  current.  One  dry  cell  does  not 
have  enough  voltage,  or  electrical  pressure,  to 
force  current  through  water.  At  the  much 
higher  voltage  used  in  buildings,  ordinary 
water  is  a conductor  of  electricity.) 

Questions  (Page  132) 

1.  See  the  picture,  page  130. 

2.  Non-conductors  are  used  to  cover  and  in- 
sulate wires.  Current  will  not  flow  through 
a non-conductor.  The  covering  must  be  scraped 
off  to  be  sure  that  current  will  flow  through  the 
circuit  at  the  places  where  connections  are  made. 

3.  (b),(d). 

How  do  we  protect  our  buildings  from 
short  circuits?  (Pages  133-135) 

Concepts 

1.  Buildings  are  protected  from  short  circuits 
by  fuses  and  circuit  breakers. 
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2.  To  use  fuses  safely,  certain  rules  must  be 
followed. 

Experiment 

Page  133:  To  show  how  a fuse  works. 

Materials:  Plug-type  fuse,  block  of  wood, 
strip  of  tin  foil,  two  pieces  of  insulated  copper 
wire,  thumbtacks,  dry  cell. 

Information  for  the  teacher 

Pictures.  Page  134.  This  is  the  common  plug- 
type  fuse.  The  size  used  in  most  circuits  is 
labelled  “15A”  or  “15  Amps,”  which  means  15 
amperes,  the  largest  current  that  the  fuse  will 
carry  without  melting.  Fuses  for  currents  larger 
than  30  amperes  are  usually  of  the  cylindrical, 
or  cartridge,  type. 

Page  135.  The  circuit  breaker  shown  here,  in 
very  simplified  form,  is  the  thermostatic  type, 
which  is  operated  by  heat.  The  strip  is  made 
of  two  different  metals  firmly  fastened  together. 
As  the  metals  are  heated,  one  expands  faster 
than  the  other,  bending  the  strip  and  opening 
the  circuit.  Another  type  of  circuit  breaker,  the 
electromagnetic , is  operated  by  an  electromag- 
net. This  type  is  sometimes  used  on  machines, 
such  as  washing  machines,  which  are  run  by 
electric  motors. 

Text.  When  the  conductors  in  a circuit  carry 
more  current  than  they  were  designed  to  carry, 
an  overload  occurs.  This  may  be  caused  by  at- 
taching too  many  appliances  at  one  time  or  by 
a short  circuit,  which  is  really  a severe  overload. 

Procedure 

Have  the  pupils  read  and  discuss  the  first 
two  paragraphs  on  page  133.  Many  of  the  chil- 
dren will  have  had  experiences  like  the  one  de- 
scribed in  the  second  paragraph.  Let  them  tell 
about  these  experiences,  describing  what  hap- 
pened and  what  was  done  to  turn  the  current 
on  again.  Now  ask,  “How  do  you  think  a fuse 
can  turn  the  current  off?”  To  find  the  answer 
to  this  question,  the  pupils  should  examine  a 
new  fuse  and  do  the  experiment  described  and 
illustrated  on  page  133.  Then  have  them  check 
their  conclusions  by  reading  down  to  the  last 


paragraph  on  page  134  and  studying  the  pic- 
tures. 

After  the  pupils  have  read  and  discussed  the 
last  paragraph  and  the  picture  on  page  135, 
they  should  study  the  safety  rules.  Rule  3 
should  be  given  careful  attention,  as  some  pu- 
pil is  almost  sure  to  report  using  a coin  to  re- 
place a burned-out  fuse.  An  experiment  will 
show  why  this  is  a dangerous  practice.  Repeat 
the  fuse  experiment,  using  a penny  or  a piece 
of  copper  wire  in  place  of  the  tin  foil.  (Pennies 
are  made  of  copper.)  The  coin  or  copper  wire 
will  get  hot,  but  it  will  not  melt  and  open  the 
circuit.  Point  out  the  fact  that  the  wires  leading 
to  the  block  also  get  hot.  Compare  them  with 
the  wires  in  a building.  Even  if  the  overheated 
wires  do  not  start  a fire,  they  may  melt.  Then 
an  expensive  job  of  rewiring  will  have  to  be 
done. 

An  additional  activity  is  suggested  in  Things 
to  Do,  page  155,  No.  5.  The  school  janitor  or 
engineer  will  probably  be  glad  to  show  the  pu- 
pils where  the  fuses  are  that  control  the  current 
to  their  schoolroom.  Pupils  should  also  be  en- 
couraged to  look  for  fuses  or  circuit  breakers 
in  their  homes. 

Questions  (Page  135) 

1.  It  makes  wires  so  hot  that  they  sometimes 
start  a fire. 

2.  (*),  (d),  («),  (e),  (c). 

3.  Circuit  breakers  can  be  reset;  they  do  not 
have  to  be  replaced  as  fuses  do. 

How  do  we  control  electric  current? 
(Pages  136-137) 

Concepts 

1.  Electric  current  can  be  turned  on  or  off  by 
closing  or  opening  the  circuit  with  switches. 

2.  Electric  current  can  be  made  stronger  or 
weaker  by  using  a transformer  or  more  cells. 

Experiment 

Page  136:  To  show  how  a push  button  works. 

Materials  : Electric  push  button,  electric  bell, 
insulated  copper  wire,  dry  cell. 


Information  for  the  teacher 

As  mentioned  earlier  in  this  unit,  every  cir- 
cuit consists  of  at  least  three  parts:  a source  of 
current,  a path  for  it,  and  a device  to  use  it. 
Most  of  the  circuits  that  we  commonly  use  con- 
tain a fourth  part:  some  type  of  switch  to  turn 
the  current  on  or  off.  This  problem  discusses 
this  additional  part  of  a circuit  and  also  men- 
tions transformers. 

In  the  push-button  experiment,  one  dry  cell 
may  not  provide  a strong  enough  current  to 
ring  the  bell.  Larger  bells  will  not  operate  un- 
less two  or  more  dry  cells  are  connected  to- 
gether as  shown  in  the  picture  on  page  145. 
If  you  wish,  you  may  use  a small  electric-light 
bulb  and  socket,  as  in  the  earlier  experiments, 
instead  of  an  electric  bell. 

Besides  the  push  button,  another  common 
kind  of  switch  is  the  knife  switch,  shown  in  the 
picture  at  the  left  on  page  154.  The  metal  lever 
comes  into  contact  with  the  metal  grip  below 
it,  thus  closing  the  circuit.  The  knife  switch 
stays  closed  without  holding  it  down.  To  open 
the  circuit,  the  lever  must  be  pulled  up  again. 
Other  kinds  of  switches  are  snap  switches,  tog- 
gle switches,  and  telegraph  keys. 

A familiar  kind  of  transformer  is  the  one 
seen  on  many  light  poles.  It  is  usually  a square 
or  cylindrical  box  hung  near  the  top  of  the  pole. 
A transformer  changes  the  voltage  of  electric 
current.  A step-up  transformer  increases  the 
voltage,  and  a step-down  transformer  decreases 
it.  A transformer  on  a pole  near  a house  de- 
creases the  high  voltage  (6900  or  2300  volts)  of 
the  power  line  to  a voltage  (115-230  volts)  that 
can  be  used  in  the  house.  The  small  trans- 
former used  for  electric  trains  further  decreases 
the  voltage  of  the  house  current  to  the  5,  10,  or 
15  volts  that  the  motor  of  the  toy  train  can  use. 

Procedure 

Have  the  pupils  recall  what  they  did  in  the 
experiment  on  page  127  and  in  the  experiments 
that  followed.  Raise  questions  such  as,  “How 
did  you  make  the  bulb  light?”  “How  did  you 
make  the  tin  foil  melt?”  etc.  The  answers 
should  bring  out  the  fact  that  in  each  case 
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something  was  connected  to  a dry  cell,  the 
source  of  electric  current.  Connecting  the  bulb 
or  tin  foil  in  this  way  made  a closed  circuit. 
Now  ask,  “How  did  you  turn  the  bulb  off?” 
“What  happened  when  the  tin  foil  melted?” 
The  answers  should  indicate  that  in  each  case 
the  connection  was  broken  and  the  circuit  was 
opened.  Then  say,  “Do  you  think  there  is  an 
easier  way  to  turn  electric  current  on  or  off?” 
“How  do  we  turn  the  lights  on  and  off  in  this 
room?” 

The  pupils  should  verify  their  answers  by 
doing  the  experiment  on  page  136  and  reading 
the  text  down  to  the  last  paragraph  on  that 
page.  Be  sure  that  they  use  the  pictures.  Then 
they  should  examine  as  many  types  of  switches 
as  possible  to  see  how  the  switches  control  elec- 
tric current.  Now  the  pupils  are  ready  to  study 
and  discuss  the  rest  of  the  problem,  including 
the  safety  rules.  For  additional  activities,  see 
Things  to  Do , page  155,  Nos.  2 and  10. 

Questions  (Page  137) 

1.  It  turns  the  current  on  or  off  by  closing 
.the  circuit  or  by  opening  it. 

2.  Connect  several  dry  cells  together. 

3.  Close  and  open  the  circuit  by  connecting 
and  disconnecting  wires. 

4.  A transformer  decreases  the  current  so 
that  the  right  amount  of  current  flows  through 
•the  motor  or  bell.  The  house  current  is  too 
strong. 

How  do  we  use  electric  current  to  make 
heat?  (Pages  138-139) 

Concepts 

1.  When  electric  current  flows  through  a 
wire  that  is  a poor  conductor,  the  wire  becomes 
hot. 

2.  In  electrical  heating  appliances,  the  heat- 
ing element  is  a poor  conductor. 

Experiments  and  observations 

Page  138 : To  find  out  how  electric  current  is 
changed  to  heat. 

Materials  : Dry  cell,  short  piece  of  iron  wire. 
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Page  138:  To  observe  the  heating  element  of 
an  electric  iron. 

Material  : Old  electric  iron  that  can  be  taken 
apart. 

Information  for  the  teacher 

The  wire  used  in  many  heating  elements  is 
nichrome,  a wire  that  has  been  especially  de- 
veloped for  this  purpose.  It  is  a mixture,  or 
alloy,  of  nickel  and  chromium  that  does  not 
melt  or  burn  when  red-hot.  The  wire  is  wound 
around  some  insulator,  such  as  mica  or  porce- 
lain. Mica  is  a transparent  mineral  that  splits 
into  thin  and  somewhat  flexible  sheets.  Some- 
times it  is  called  isinglass.  When  the  wire  has 
been  properly  mounted  on  the  insulator,  it  is 
put  into  the  iron,  toaster,  or  other  heating  de- 
vice. 

Procedure 

Up  to  this  point  in  the  unit,  pupils  have  been 
learning  about  the  parts  of  a circuit  that  pro- 
duce electric  current,  carry  it,  or  control  it. 
With  this  problem,  they  will  begin  the  study 
of  various  devices  that  use  electric  current.  To 
introduce  the  problem,  ask  the  pupils  to  name 
as  many  electrical  heating  appliances  as  they 
can.  They  will  probably  mention  electric  irons, 
toasters,  coffee  pots,  stoves,  heating  pads,  etc. 

Now  raise  the  question,  “Where  does  the 
heat  come  from?”  Usually  the  pupils  will  an- 
swer, “From  the  electric  current.”  If  they  do 
not  give  this  answer,  ask  further  questions  such 
as:  “What  must  we  do  to  get  heat  from  the 
appliance?”  (Turn  it  on,  connect  it,  plug  it 
in.)  “What  happens  when  we  do  this?”  (The 
circuit  is  closed,  current  flows.)  This  line  of 
questioning  should  bring  out  the  desired  an- 
swer. Then  ask  the  pupils  when  they  observed 
electric  current  being  changed  to  heat.  They 
should  recall  the  short-circuit  experiment  (page 
131)  and  the  fuse  experiment  (page  133). 

The  pupils  are  now  ready  to  read  the  first 
two  paragraphs  and  do  the  experiment  on  page 
138.  Have  them  check  their  conclusions  by 
reading  and  discussing  the  two  paragraphs  that 
follow.  They  should  then  examine  the  heating 


element  in  an  electric  iron  or  other  appliance, 
using  the  pictures  on  page  139,  and  read  to  the 
end  of  the  problem.  Point  out  the  fact  that  the 
word  element  in  heating  element  means  “part”; 
it  does  not  refer  to  chemical  element. 

After  the  safety  rules  on  page  139  have  been 
studied,  pupils  may  wish  to  make  a complete 
list  of  all  the  rules  given  in  the  unit.  The  list 
can  be  made  into  a wall  chart  or  taken  home 
for  discussion  with  parents.  For  additional  ac- 
tivities, see  Things  to  Do,  page  155,  Nos.  4 
and  7. 

Questions  (Page  139) 

1.  The  energy  of  the  current  is  changed  to 
heat  energy  when  the  current  flows  through  a 
material  that  is  not  a good  conductor.  More 
energy  is  needed  to  make  current  flow  through 
the  poor  conductor.  This  energy  is  changed  to 
heat. 

2.  The  heating  elements  of  all  electric  heat- 
ing appliances  change  the  energy  of  electric 
current  into  heat  energy. 

3.  They  are  made  of  copper,  which  is  a good 
conductor. 

How  does  electric  current  give  us  light? 
(Pages  140-142) 

Concepts 

1.  When  electric  current  flows  through  a 
poor  conductor,  the  conductor  gets  so  hot  that 
it  gives  off  light. 

2.  Some  light  is  made  with  gases  that  glow 
when  an  electric  current  flows  through  them. 

Information  for  the  teacher 

The  common  filament-type  light  bulb  is  also 
called  an  incandescent  lamp.  Besides  neon,  mer- 
cury vapor  and  helium  are  often  used  in  adver- 
tising signs.  Mercury  vapor  gives  a bluish-green 
light,  and  helium  gives  a white  light.  The  rays 
mentioned  on  page  142  are  ultraviolet  rays.  For 
most  purposes,  the  bluish-green  light  of  mer- 
cury vapor  is  unpleasant.  In  a fluorescent  lamp, 
the  coating  conceals  this  light  and  gives  a white 
light  much  like  sunlight. 


Observation 

Page  140:  To  examine  the  filament  in  an 
electric-light  bulb. 

Materials:  Worn-out  electric-light  bulb  that 
can  be  broken,  cloth  or  paper. 

Procedure 

This  problem  is  closely  related  to  the  preced- 
ing one.  To  introduce  this  problem,  ask  the 
pupils,  “Did  you  ever  try  to  remove  a light 
bulb  that  had  been  lit  for  some  time?”  “What 
did  you  notice?”  Then  have  the  pupils  recall 
what  happened  in  the  experiment  with  iron 
wire  (page  138).  Then  say,  “You  felt  the  wire 
get  hot.  Did  you  notice  anything  else?”  (The 
wire  gave  off  a red  glow.)  Now  ask,  “How  do 
you  think  we  could  use  an  electric  current  to 
get  light?”  (Use  it  to  heat  a wire  white-hot.) 
After  the  discussion,  have  the  pupils  read  down 
to  the  paragraph  at  the  top  of  the  second  col- 
umn on  page  141.  If  possible,  they  should  ex- 
amine a light  bulb  as  directed  on  that  page. 
They  should  then  read  to  the  end  of  the  prob- 
lem and  examine  the  pictures  on  page  141. 

Questions  (Page  142) 

1.  White-hot. 

2.  A fine  wire  used  inside  an  electric  bulb. 
Much  energy  is  needed  to  make  the  current 
flow  through  it;  this  energy  is  changed  to  heat; 
the  wire  gets  white-hot  and  gives  light. 

3.  Copper  is  a good  conductor ; it  would  not 
get  hot  enough  to  give  light. 

4.  It  lasts  for  hundreds  of  hours  before  melt- 
ing and  gives  very  good  light. 

5.  The  carbon  filament  in  the  first  electric- 
light  bulb  did  not  last  long  enough,  and  it  did 
not  give  very  much  light. 

6.  When  current  flows  through  neon  gas,  the 
gas  glows  and  gives  light. 

7.  A lamp  that  gives  light  when  an  electric 
current  flows  through  a small  amount  of  mer- 
cury inside  a glass  tube  and  changes  the  mer- 
cury to  a gas.  The  inside  of  the  tube  is  coated 
with  special  materials.  The  gas  gives  off  rays 
that  make  these  materials  glow. 
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How  can  we  use  electric  current  to 
make  a magnet?  (Pages  143-146) 

Concepts 

1.  Electric  current  can  be  used  to  make  a 
magnet. 

a)  An  electromagnet  is  made  when  an 
electric  current  flows  through  a wire  wound 
around  a piece  of  iron  or  steel. 

b)  An  electromagnet  has  force  only  so 
long  as  the  electric  current  is  flowing;  its 
force  can  be  controlled  by  turning  the  cur- 
rent on  or  off. 

c ) An  electromagnet  can  be  made 
stronger  by  increasing  the  number  of  turns 
of  wire  wound  around  the  core  and  by  in- 
creasing the  current. 

2.  An  electromagnet  can  make  things  move. 

Experiments 

Pages  143-144:  To  make  an  electromagnet. 
Materials:  Large  nail  or  bolt,  iron  or  steel 
tacks,  two  feet  of  cotton-covered  copper  wire, 
dry  cell. 

Page  144:  To  see  what  kinds  of  materials  an 
electromagnet  will  attract. 

Materials:  Same  as  for  the  experiment  on 
pages  143-144.  Also  glass,  cloth,  tin,  lead,  rub- 
ber, wood. 

Page  144:  To  see  how  the  force  of  an  electro- 
magnet can  be  controlled. 

Materials:  Same  as  for  the  experiment  on 
pages  143-144.  Also  bar  magnet  or  horseshoe 
magnet. 

Page  145:  To  find  out  how  the  force  of  an 
electromagnet  is  made  stronger. 

Materials:  Same  as  for  the  experiment  on 
pages  143-144.  Also  one  additional  dry  cell. 

Information  for  the  teacher 

Magnets  such  as  the  horseshoe  magnet  and 
the  bar  magnet  are  called  permanent  magnets. 
An  electromagnet  is  a temporary  magnet. 

Pupils  may  ask  how  the  wire  wound  around 
the  nail  can  magnetize  the  nail,  since  the  wire 
is  insulated  and  they  have  just  learned  that 
electric  current  will  not  flow  through  the  in- 
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sulation  on  the  wire.  The  electric  current  does 
not  flow  into  the  nail  to  magnetize  it.  The  cur- 
rent flowing  through  the  wire  makes  the  wire 
a magnet.  The  magnetic  force  of  the  mag- 
netized wire  is  able  to  act  through  the  insula- 
tion, which  is  a non-magnetic  material.  The 
iron  nail  acts  as  a core,  which  increases  the 
magnetic  force  of  the  coil  of  wire. 

In  the  experiments  with  the  electromagnet, 
use  an  iron  rather  than  a steel  nail  or  bolt  if 
possible.  Steel  is  used  to  make  permanent  mag- 
nets. A steel  nail  or  bolt  may  retain  enough 
magnetism  to  attract  a few  tacks  even  after  the 
current  is  turned  off.  If  you  cannot  obtain  an 
iron  nail  or  bolt,  heat  a steel  nail  or  bolt  red-hot 
in  a flame.  After  the  steel  cools,  it  will  have  less 
tendency  to  retain  magnetism. 

Procedure 

This  problem,  dealing  with  the  electromag- 
net, develops  the  concepts  essential  to  an  under- 
standing of  the  three  problems  that  follow.  To 
begin  the  problem,  have  the  pupils  read  the 
first  four  paragraphs  on  page  143  and  refer  to 
the  picture  on  page  142.  The  questions  raised  in 
the  fourth  paragraph  should  then  be  used  to 
motivate  the  experiment.  Before  doing  the  ex- 
periment, pupils  should  recall  experiences  with 
magnets  and  the  concepts  developed  in  earlier 
science  study.  (Refer  to  Discovering  Our 
World , Boo\  One , Unit  6,  and  Boo\  Two , Unit 
2,  pages  64-66.) 

Now  have  the  pupils  do  the  experiment  de- 
scribed and  illustrated  on  pages  143-144.  They 
should  draw  their  conclusions  and  then  read 
the  second  and  third  paragraphs  on  page  144, 
which  lead  them  into  the  next  experiment. 
Again  have  the  pupils  check  their  findings  by 
reading  the  text  down  to  the  last  paragraph  in 
the  first  column  on  page  145.  The  experiment 
described  and  pictured  on  page  145  should  now 
be  performed  and  the  results  discussed.  The 
pupils  should  now  read  the  last  paragraph 
of  the  unit  and  summarize  the  concepts 
developed  in  the  problem.  They  should  also 
look  for  electromagnets  around  their  homes  in 
preparation  for  the  problems  that  follow. 


Questions  (Page  146) 

1.  A nail  or  bolt,  some  wire,  and  a dry  cell. 

2.  Wind  the  wire  around  the  nail  or  bolt; 
connect  the  ends  of  the  wire  to  the  dry  cell. 

3.  Wind  more  turns  of  wire  around  the  nail 
or  bolt.  Make  the  current  stronger  by  connect- 
ing more  than  one  dry  cell. 

4.  Like:  They  will  attract  the  same  things. 
Different:  The  force  of  an  electromagnet  can 
be  controlled  by  turning  the  current  on  or  off. 
The  force  of  the  other  magnets  cannot  be  con- 
trolled. 

5.  Their  force  can  be  controlled.  They  can  be 
made  very  strong.  They  make  it  possible  for 
electric  current  to  move  things. 

How  does  a telegraph  work? 

(Pages  146-149) 

Concepts 

1.  In  a telegraph  or  other  electrical  device, 
the  part  that  is  moved  by  an  electromagnet  is 
called  the  armature. 

2.  The  movement  of  the  armature  is  con- 
trolled by  opening  and  closing  the  circuit. 

Experiment 

Pages  147-148:  To  make  a telegraph  set  and 
find  out  how  it  works. 

Materials:  Two  pieces  of  soft  wood,  large 
nail,  small  nail,  two  feet  of  insulated  copper 
wire,  six  screws,  two  strips  from  tin  can  (three 
quarters  of  an  inch  wide  and  four  inches  long), 
dry  cell. 

Information  for  the  teacher 

The  code  shown  on  page  148  is  the  Interna- 
tional Code  used  for  sending  messages  by  radio. 
The  Morse  Code  used  by  telegraphers  consists 
of  spaces  as  well  as  dots  and  dashes. 

Procedure 

In  this  problem,  pupils  are  given  an  oppor- 
tunity to  apply  and  extend  the  concepts  devel- 
oped in  the  preceding  problem.  The  telegraph 
set  described  and  illustrated  on  pages  147-148 


is  not  hard  to  make.  A group  of  interested  pu- 
pils may  easily  build  it  and  then  show  the  class 
how  it  is  operated.  The  class  should  read  and 
discuss  pages  146-149.  Pupils  are  not  expected 
to  learn  the  code  given  on  page  148,  but  some 
may  wish  to  use  it  in  sending  simple  messages. 

Two  telegraph  sets  may  be  connected  and 
messages  sent  from  one  to  the  other.  Use  two 
dry  cells  connected  as  shown  in  the  picture  on 
page  145.  Connect  one  binding  post  of  one  set 
to  a binding  post  of  the  other  set,  using  an 
unbroken  wire.  Then  connect  the  cells  between 
the  two  remaining  binding  posts  of  the  sets. 
To  receive  messages,  hold  the  key  of  one  set 
down  while  the  key  of  the  other  set  is  operated. 
(In  a real  telegraph  set,  a switch  is  used  to 
short-circuit  the  key.)  For  additional  activities, 
see  Things  to  Do,  page  155,  Nos.  6,  8,  and  11. 

Questions  (Page  149) 

1.  The  sounder  clicks.  The  circuit  is  closed. 
Current  flows  through  the  electromagnet, 
which  pulls  down  on  the  armature. 

2.  The  sounder  clicks  again.  The  circuit  is 
opened.  Current  no  longer  flows  through  the 
wire  of  the  electromagnet,  and  so  the  armature 
springs  away.  It  hits  the  nail  above  the  arma- 
ture, making  a click. 

3.  By  pushing  the  key  down  and  letting  it  up 
quickly  for  a dot  and  holding  it  down  a little 
longer  for  a dash. 

4.  No.  The  force  of  a bar  magnet  cannot  be 
controlled  to  make  the  armature  move. 

5.  Yes.  Wherever  something  is  moved  by 
electric  current,  there  is  an  electromagnet.  Any 
part  that  is  moved  by  an  electromagnet  is  called 
an  armature. 

How  does  an  electric  bell  ring? 

(Pages  149-151) 

Concepts 

1.  An  electric  bell  keeps  on  ringing  as  long 
as  the  push  button  is  held  down. 

2.  The  spring  and  the  contact  point  open 
and  close  the  circuit  as  the  armature  moves 
back  and  forth. 
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Experiment 

Pages  149-150:  To  find  out  how  an  electric 
"bell  works. 

Materials:  Electric  bell,  push  button,  dry 
cell. 

Information  for  the  teacher 

As  mentioned  earlier  in  this  unit,  more  than 
one  dry  cell  may  be  needed  to  operate  the  elec- 
tric bell.  Connect  the  dry  cells  as  shown  in  the 
picture  on  page  145. 

Procedure 

After  studying  the  two  preceding  problems, 
pupils  can  easily  understand  how  an  electric 
bell  works.  The  bell  has  an  electromagnet  and 
an  armature  just  as  a telegraph  sounder  has. 
The  push  button,  like  a telegraph  key,  is  a kind 
of  switch.  The  only  new  idea  to  be  developed 
is  how  the  contact  point  and  the  spring  on  the 
armature  operate  as  a switch  to  open  and  close 
the  circuit,  keeping  the  bell  ringing  as  long  as 
the  push  button  is  held  down. 

To  introduce  the  problem,  let  the  pupils  first 
'examine  and  then  operate  an  electric  bell.  They 
should  use  the  pictures  and  follow  the  direc- 
tions on  pages  149-150.  (The  picture  on  page 
136  shows  how  to  connect  the  bell.)  Then  have 
them  read  the  text  to  check  their  conclusions 
and  find  additional  information.  If  an  electric 
buzzer  is  available,  it  should  also  be  examined 
and  operated  as  suggested  on  page  151. 

Questions  (Page  151) 

1.  Electromagnet  and  armature. 

2.  Push  button. 

3.  Holding  the  push  button  down  closes  the 
circuit.  Electric  current  flows  through  the  elec- 
tromagnet, which  pulls  the  armature  toward  it. 

4.  When  current  flows  through  the  electro- 
magnet, the  armature  is  pulled  away  from  the 
contact  point.  This  opens  the  circuit.  Current 
no  longer  flows  through  the  electromagnet,  and 
so  the  armature  moves  back  to  the  contact 
point.  The  hammer  is  attached  to  the  armature 
and  moves  back  and  forth  with  it. 
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How  does  an  electric  motor  run? 
(Pages  151-154) 

Concepts 

1.  An  electromagnet  has  two  poles,  an  N 
pole  and  an  S pole,  just  as  other  magnets  do. 

2.  An  electric  motor  turns  as  the  poles  of  an 
electromagnet  are  first  attracted  and  then  re- 
pelled by  the  poles  of  another  magnet. 

Experiments 

Page  152:  To  find  out  whether  an  electro- 
magnet has  an  N pole  and  an  S pole. 

Materials  : Bar  magnet,  wooden  support, 
string,  electromagnet,  dry  cell. 

Pages  152-153:  To  see  how  an  electromagnet 
can  turn  a motor. 

Materials:  Two  bar  magnets,  support, 
string,  electromagnet,  dry  cell. 

Page  153:  To  observe  how  a motor  runs. 

Materials:  Toy  electric  motor,  insulated  cop- 
per wire,  two  dry  cells. 

Information  for  the  teacher 

Picture.  Page  153.  The  man  is  using  a jig 
saw.  Next  are  a grinding  wheel,  a lathe,  and  a 
planer. 

Text.  The  magnet  surrounding  the  arma- 
ture is  called  the  field  magnet.  Current  is  car- 
ried to  and  from  the  electromagnets  in  the 
armature  through  sliding  contacts  called 
brushes.  The  brushes  rub  against  the  commu- 
tator, which  is  fastened  to  the  shaft  of  the  arma- 
ture and  turns  with  it.  The  commutator  is 
connected  to  the  armature  in  such  a way  that 
the  poles  of  the  electromagnets  are  reversed  at 
just  the  right  times  to  keep  the  armature  turn- 
ing. For  more  information  about  electric  mo- 
tors, see  a high-school  general  science  book  or 
a physics  text. 

Procedure 

This  problem  is  intended  primarily  to  show 
the  importance  of  electric  motors,  which  de- 
pend on  electromagnets  for  their  operation.  At 
this  grade  level,  pupils  cannot  be  expected  to 


master  the  details  of  how  motors  work.  To  be- 
gin the  problem,  have  the  pupils  read  page  151 
and  examine  the  picture.  If  a toy  motor  is  avail- 
able, let  them  find  the  electromagnets  in  the 
armature  and  also  the  electromagnet  in  the 
frame. 

From  earlier  science  study  ( Discovering  Our 
World , Boo\  One,  Unit  6),  the  children  should 
recall  the  three  concepts  listed  on  page  152. 
These  should  be  discussed  before  the  first  ex- 
periment on  that  page  is  performed.  After  do- 
ing the  experiment,  pupils  should  read  down 
to  the  next  to  last  paragraph  on  that  page  to 
check  their  findings.  They  are  now  ready  to  do 
the  next  experiment  on  pages  152-153.  (A  sim- 
ilar experiment  in  Discovering  Our  World , 
Boo\  Two,  Unit  2,  page  65,  may  be  recalled.) 
The  results  should  be  checked  and  summarized 
by  reading  the  first  paragraph  on  page  153.  Pu- 
pils should  then  connect  a toy  motor  and  op- 
erate it  as  suggested  in  the  last  paragraph.  For 
an  additional  activity,  see  Things  to  Do,  page 
155,  No.  13. 

Questions  (Page  154) 

1.  Electromagnet. 

2.  The  armature  would  not  turn  because  the 
electromagnets  would  not  pull  and  push  on  the 
poles  of  the  magnet  in  the  frame. 

3.  The  poles  of  the  electromagnets  must  pull 
and  push  on  the  poles  of  the  magnet  in  the 
frame  in  order  to  make  the  armature  turn. 

Questions  to  answer  (Page  154) 

Pictures.  Left.  No.  Because  the  switch  is 
open.  Right.  No.  The  covering  is  so  worn  that 
short  circuits  might  occur. 

1.  To  keep  from  being  burned  or  even  killed, 
and  to  prevent  fire. 

2.  For  light,  heat,  and  running  motors. 

3.  List  may  include:  electric  lights,  irons, 
toasters,  and  other  appliances,  radios,  tele- 
phones, telegraphs,  streetcars,  theaters,  most  in- 
dustrial machinery,  pumps,  etc. 

4.  Power  lines  might  break  down  or  become 
short-circuited.  Short  circuits  might  melt  a fuse. 


5.  Electric  current  can  make  things  move.  It 
takes  force  to  move  anything,  and  some  kind 
of  energy  is  needed  to  produce  a force. 

6.  The  wire  to  make  sure  there  was  no  short 
circuit.  The  connections  to  see  that  the  wire 
was  bare  and  tightly  fastened.  The  dry  cell  to 
be  sure  it  could  supply  current.  The  switch  to 
see  whether  it  was  closed.  The  motor  to  be  sure 
that  all  parts  worked  so  that  current  would 
flow  through  it. 

7.  By  winding  many  turns  of  wire  on  the 
electromagnets  and  using  a strong  current. 

8.  The  sun  supplies  heat  that  makes  water 
evaporate.  The  water  condenses  and  falls  to 
earth.  Gravity  makes  the  water  run  downhill, 
supplying  the  force  to  moving  water.  They 
both  help  make  the  wind  blow,  and  the  force 
of  the  wind  will  turn  windmills.  These  forces 
turn  generators  that  produce  electric  current. 

Things  to  do  (Page  155) 

1.  Group  or  individual  activity.  Steam  or 
moving  water  is  probably  used  to  run  the  gen- 
erators. 

2.  The  boxlike  transformer  on  a pole  is  a 
distribution  transformer.  It  decreases  the  volt- 
age of  the  current  for  use  in  your  home. 

3.  Any  garage  will  have  a generator  or  some 
other  source  of  electrical  energy  to  charge  stor- 
age batteries. 

4.  Yes.  Three  wires  are  needed.  They  are 
larger  than  wires  used  in  lighting  circuits.  Yes. 
Two  of  the  three  wires  have  special  fuses. 
These  are  cartridge  fuses  (cylindrical)  instead 
of  the  usual  plug  type. 

5-6.  Individual  or  group  activities. 

7.  The  pad  is  insulated  with  a flexible  ma- 
terial such  as  asbestos.  The  heating  element  is 
made  of  a very  long  wire. 

8.  Individual  report.  See  encyclopedias  for 
articles  on  Cyrus  Field  or  submarine  telegraph. 

9.  Consult  the  local  electric  company  or  an 
electric  bill. 

10.  A rheostat  is  usually  made  of  a coil  of 
wire.  Sometimes  it  is  made  of  carbon  disks  or 
of  rods  in  salt  water.  It  is  used  to  control  the 
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amount  of  current  in  a circuit.  By  moving  the 
handle,  lights  can  be  dimmed,  motors  slowed 
down,  etc. 

11.  Individual  activity.  See  encyclopedias. 

12.  Individual  or  group  activity. 


13.  All  generators  have  electromagnets  in 
their  armatures.  All  except  a magneto  have 
electromagnets  in  their  frames.  (A  magneto  has 
a permanent  magnet  instead.)  All  generators 
have  armatures. 


UNIT 


How  Do  We  Use  Light ? 


Purpose  and  scope 

This  unit  deals  with  subject  matter  especially 
close  to  the  pupils’  everyday  life.  Although  the 
pupils  have  often  seen  the  things  that  light 
does,  the  science  principles  that  explain  these 
things  will  probably  be  startlingly  new.  How- 
ever, as  in  the  Sound  unit,  there  is  abundant 
opportunity  to  demonstrate  these  principles. 

Of  particularly  personal  interest  to  the  pupils 
are  the  pages  dealing  with  lenses  and  those 
dealing  with  the  eyes.  These  pages  are  con- 
cerned with  the  structure  and  working  of  the 
eye,  mechanical  aids  to  vision,  and  the  care  of 
the  eyes.  Note  especially  the  twelve  safety  rules 
for  the  care  of  the  eyes  on  page  180.  The  teacher 
can  render  a most  valuable  service  in  driving 
home  the  lessons  of  conservation  of  sight  and 
in  helping  children  whose  eyes  may  need  care. 

This  unit  makes  use  of  concepts  developed 
in  earlier  units,  as  indicated  in  Science  Back- 
ground below.  Pupils  should  already  know 
that  when  anything  gets  hot  enough,  it  gives 
off  light.  It  may  burn  if  there  is  oxygen  present. 
The  unit  also  prepares  for  the  discussion  of 
light  from  the  heavenly  bodies  treated  in  the 
next  unit.  In  fact,  this  unit  on  light  is  prerequi- 
site to  certain  parts  of  the  unit  on  the  universe. 

Science  background 

All  Around  Us:  Unit  3,  Sun,  Wind,  and 
Weather 

Discovering  Our  World , Boo\  One:  Unit  4, 
Why  Do  We  Have  Days  and  Nights?  Unit 
5,  What  Can  We  See  in  the  Sky  at  Night? 


Discovering  Our  World , Boo\  Two:  Unit  5, 
What  Are  Things  Made  Of?  Unit  6,  How  Do 
We  Control  Fire? 

Discovering  Our  World,  Boo\  Three:  Unit 
5,  How  Do  We  Use  Electric  Current? 

General  concepts 

1.  All  our  light  comes  from  some  material 
that  is  heated  until  it  glows  or  burns  with  a 
flame. 

2.  Light  travels  at  very  high  speed,  in  a 
straight  line,  and  outward  in  all  directions  from 
its  source. 

3.  We  see  only  objects  that  give  off  light  or 
reflect  light. 

4.  Light  is  reflected  by  most  materials. 

5.  Light  is  absorbed  by  many  materials. 

6.  Light  can  pass  through  some  materials 
but  not  through  others. 

7.  An  object  is  seen  in  a mirror  because  light 
travels  from  the  object  to  the  mirror  and  is 
reflected  back  to  the  observer. 

8.  Light  travels  away  from  the  mirror  on  the 
same  slant  at  which  it  strikes  the  mirror  but  in 
the  opposite  direction. 

9.  Light  is  bent  when  it  travels  through  a 
lens. 

10.  Lenses  can  be  used  to  help  us  see  things 
that  are  very  small  or  far  away. 

11.  Different  parts  of  the  eye  work  together 
so  that  we  can  see. 

12.  The  eyes  must  be  properly  cared  for. 

13.  The  color  of  an  object  is  caused  by  the 
way  in  which  it  reflects  certain  light  rays  and 
absorbs  others. 
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Introducing  the  unit  (Page  157) 

Information  for  the  teacher 

Picture.  Page  156.  A night  photograph  taken 
by  flash  bulb.  It  can  be  used  with  the  text  on 
page  157  and  later  with  the  problem  on  reflec- 
tion, pages  168-171. 

Procedure 

This  unit  may  be  introduced  by  asking  the 
question  that  opens  the  introductory  section. 
During  the  discussion  that  follows,  the  pic- 
tures on  pages  156  and  157  should  be  used. 
(Some  of  the  pupils  may  know  enough  about 
photography  to  know  that  the  night  picture  of 
the  deer  was  taken  by  flashlight  photography.) 
The  discussion  should  bring  out  the  fact  that 
we  use  light  all  the  time  we  are  awake.  The 
difference  between  artificial  light  and  daylight 
should  also  be  pointed  out. 

Then  have  the  pupils  read  the  second  para- 
graph. Discuss  the  questions  and  ask  the  chil- 
dren for  possible  explanations.  Write  the  ques- 
tions on  the  board  with  any  explanations  that 
have  been  made.  As  the  unit  proceeds,  the 
children  should  refer  to  these  answers,  correct 
them  if  necessary,  and  fill  in  where  they  offered 
no  explanation. 

Where  do  we  get  light? 

(Pages  157-160) 

Concepts 

1.  All  our  light  comes  from  some  material 
that  is  heated  until  it  glows  or  burns  with  a 
flame. 

2.  People  have  used  many  ways  to  get  light. 

Procedure 

Begin  this  problem  by  asking  the  children  to 
think  of  as  many  ways  as  they  can  that  are 
used  or  have  been  used  to  get  artificial  light. 
They  will  probably  mention  fire,  candles,  elec- 
tric lights,  coal  oil  or  gasoline  lamps  if  they 
live  in  the  country  or  visit  camps  or  country 
places  in  summer,  and  possibly  neon  signs. 
They  should  recall  the  problem  on  electric 
lighting  in  Unit  5.  Some  may  have  seen  gas 


jets.  As  the  children  name  the  different  ways, 
list  them  on  the  board.  Ask  them  which  ways 
they  think  were  used  first. 

The  pupils  will  probably  be  unable  to  name 
all  the  ways  and  to  be  sure  which  way  was  used 
first.  Have  them  read  the  problem,  look  at  the 
pictures  (also  those  on  pages  140-141),  and 
make  individual  lists  of  the  ways  of  lighting 
in  the  order  of  development.  After  the  lists  are 
completed,  the  pupils  should  discuss  the  var- 
ious items.  These  two  questions  should  form 
the  basis  for  the  discussion:  (1)  What  were  the 
disadvantages  of  each  way  of  producing  light? 
(2)  How  was  each  of  the  ways  an  advantage 
over  the  previous  ways?  Following  the  discus- 
sion, make  the  necessary  additions  and  changes 
in  the  list  on  the  board.  Pictures  of  various 
types  of  lighting  can  be  collected  and  made  into 
charts  to  add  interest  to  the  problem. 

Questions  (Page  160) 

1.  Blazing  sticks,  torches  made  of  pine  knots, 
greased  sticks,  etc.;  burning  oil  in  a dish,  and 
later  a wick  dipped  in  the  oil;  wax  candles; 
coal  oil  in  lamps  with  wicks  and  glass  chim- 
neys; gas  made  from  coal,  and  natural  gas; 
electric  current  in  a carbon,  and  later  a tung- 
sten filament  in  a bulb;  fluorescent  lamps. 

2.  The  use  of  fire  for  heat  and  light;  how  to 
get  oil  from  plants  and  animals;  the  use  of  a 
wick  to  control  the  amount  of  fire;  how  to 
make  candles;  the  discovery  of  oil  in  the  earth 
and  how  to  make  coal  oil  from  it;  how  to  get 
gas  from  burning  coal  and  from  the  earth; 
Edison’s  invention  of  the  light  bulb  using  a 
carbon  filament;  the  substitution  of  tungsten 
for  carbon  in  the  filament  of  a light  bulb;  the 
use  of  mercury  vapor  to  make  fluorescent 
lamps. 

3.  A coal  oil  lamp  or  a candle  gives  light 
by  burning  materials.  An  electric  lamp  glows 
without  burning  materials. 

4.  An  electric  lamp  is  clean,  bright,  and  lasts 
a long  time.  A coal  oil  lamp  is  not  very  bright, 
must  be  filled,  cleaned,  and  have  the  wick 
trimmed  frequently.  It  is  also  more  dangerous 
to  use. 


UNIT  SIX.  LIGHT  195 


How  does  light  travel? 

(Pages  160-163) 

Concepts 

1.  Light  travels  at  a speed  of  about  186,000 
miles  a second. 

2.  Light  travels  in  a straight  line. 

3.  Light  travels  outward  in  all  directions 
from  its  source. 

Experiments 

Page  162:  To  show  that  light  travels  in  a 
straight  line. 

Materials:  Two  pieces  of  cardboard,  elec- 
tric lamp,  large  piece  of  brown  wrapping  paper, 
ball  or  globe,  flashlight. 

Information  for  the  teacher 

Galileo,  whose  full  name  was  Galileo  Galilei, 
lived  from  1564  to  1642.  The  Danish  scientist 
who  determined  the  speed  of  light  about  the 
year  1676  was  Olaf  Roemer. 

Procedure 

This  problem  can  be  started  by  asking  the 
pupils  how  long  they  think  it  takes  the  light 
from  the  sun  to  reach  us.  They  should  recall 
that  the  sun  is  about  93  million  miles  away 
from  the  earth.  Pupils  will  probably  be  unable 
to  state  the  exact  or  even  the  approximate  time. 
After  the  discussion,  have  them  read  pages  160 
and  161  to  see  how  one  scientist  tried  to  find 
out  the  speed  of  light  and  to  learn  what  the 
speed  of  light  now  is  known  to  be. 

As  suggested  in  Questions  to  Answer , page 
185,  No.  4,  pupils  can  now  figure  out  how  long 
it  takes  light  to  reach  us  from  the  sun.  Have 
them  use  186,000  miles  per  second  as  the  speed 
of  light,  since  the  arithmetic  is  easier.  The 
answer  should  be  about  8%  minutes. 

Now  the  pupils  are  ready  to  do  several  ex- 
periments to  show  that  light  travels  in  a 
straight  line  as  it  travels  through  air.  Have 
the  pupils  do  the  experiments  described  and 
pictured  on  pages  162  and  163.  After  each  ex- 
periment, pupils  should  answer  the  question: 
“What  does  this  experiment  show  about  how 


light  travels?”  When  all  the  experiments  have 
been  done,  ask,  “How  are  the  experiments  all 
alike?”  (They  all  show  that  light  travels  in  a 
straight  line.)  Then  have  the  pupils  read  page 
163,  and  ask  them  what  else  they  have  learned 
about  how  light  travels.  (Light  travels  outward 
in  all  directions  from  anything  that  glows.) 

Questions  (Page  163) 

1.  Light  travels  so  fast  that  the  second  or 
two  that  the  men  took  to  open  the  shutters 
spoiled  the  experiment. 

2.  (c)  See  the  experiment  on  page  162. 

3.  Divide  240,000  by  186,284.  Answer:  1.288 
or  a little  more  than  one  and  a quarter  seconds. 

4.  It  travels  very  fast,  in  a straight  line,  and 
outward  in  all  directions. 

5.  Because  light  travels  in  a straight  line.  It 
cannot  go  through  or  around  things. 

When  can  we  see  things? 

(Pages  164-167) 

Concepts 

1.  We  see  only  objects  that  give  off  light  or 
reflect  light. 

2.  Light  is  reflected  by  most  materials. 

a ) Smooth  surfaces  reflect  more  light 
than  rough  surfaces. 

b ) Light-colored  materials  reflect  more: 
light  than  dark-colored  materials. 

3.  Light  is  absorbed  by  many  materials. 
Dark-colored  materials  absorb  more  light  than 
light-colored  materials. 

4.  Light  can  pass  through  some  materials 
but  not  through  others. 

a)  Light  cannot  pass  through  opaque  ma- 
terials. 

b ) Light  can  pass  through  transparent 
and  translucent  materials. 

c ) We  can  see  clearly  through  transparent 
but  not  through  translucent  materials. 

Experiments 

Pages  164-165:  To  find  out  how  smooth  and 
rough  surfaces  reflect  light. 

Materials:  Mirror,  pan  of  water. 
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Page  165:  To  see  that  light-colored  materials 
reflect  more  light  than  dark-colored  materials. 

Materials:  Large  piece  of  brown  wrapping 
paper,  piece  of  glossy  white  cardboard,  blotting 
paper,  white  cloth,  dark  cloth. 

Information  for  the  teacher 

Pictures.  Page  164.  The  white  stripes  are 
made  with  luminescent  paint. 

Page  165.  Not  a perfect  reflection,  as  the 
water  is  rough.  On  page  156  the  water  was 
smooth  so  that  the  deer’s  reflection  is  almost 
perfect. 

Page  167.  The  solid  panels  on  either  side  of 
the  door,  the  ceiling,  the  floor,  and  the  chairs 
are  opaque.  The  glass-brick  walls  are  trans- 
lucent. The  glass  doors  are  transparent. 

Text.  The  scattering  of  light  mentioned  and 
illustrated  on  page  165  is  called  diffusion. 

Procedure 

One  way  to  start  this  problem  is  to  ask  the 
pupils  the  question  stated  in  the  problem  title. 
Then  ask  them  to  read  and  discuss  the  first  two 
paragraphs.  They  may  wish  to  carry  out  the 
activity  suggested  in  the  second  paragraph. 

Next  ask  about  things  that  do  not  glow. 
Have  the  pupils  do  the  experiments  on  pages 
164-165.  They  should  then  discuss  their  obser- 
vations, using  the  questions  in  the  text  as  a 
guide  to  the  discussion.  Recall  the  meaning  of 
reflect  and  develop  the  meaning  of  absorb.  Lead 
the  children  to  this  generalization:  We  can  see 
a thing  when  it  reflects  light  to  our  eyes.  Make 
clear  that  materials  differ  in  the  way  in  which 
they  reflect  or  absorb  light.  Then  let  the  pupils 
read  the  text  down  to  the  last  paragraph  in  the 
first  column  on  page  166.  Have  them  examine 
the  picture  on  page  165  and  answer  the  ques- 
tion under  it.  An  additional  activity  is  sug- 
gested in  Things  to  Do,  page  185,  No.  2. 

The  rest  of  the  problem  deals  with  another 
aspect  of  materials  with  respect  to  light.  The 
next  paragraph  on  page  166  and  the  activity 
suggested  in  the  picture  below  it  should  be  used 
to  start  discussion.  At  this  point,  pupils  may 
also  wish  to  carry  out  the  activity  given  in 


Things  to  Do,  page  185,  No.  5.  The  collection 
of  opaque,  transparent,  and  translucent  mate- 
rials should  be  tested  with  the  flashlight.  Each 
material  should  then  be  put  in  the  proper  group. 
Now  let  the  children  read  the  next  three  para- 
graphs to  check  their  findings.  The  picture  on 
page  167  should  then  be  examined  and  the 
question  under  it  answered.  As  a summary  of 
important  concepts,  have  the  pupils  read  the 
last  two  paragraphs. 

Questions  (Page  167) 

1.  They  glow  with  their  own  light. 

2.  It  reflects  light  to  your  eyes. 

3.  The  mirror  is  smoother.  It  will  reflect  al- 
most all  the  light  that  strikes  it. 

4.  Water  reflects  more  light  than  the  rougher, 
dry  surface. 

5.  You  can  see  only  when  light  travels  to 
your  eyes.  The  light  may  come  from  something 
that  glows  or  it  may  be  reflected. 

6.  You  cannot  see  through  an  opaque  mate- 
rial such  as  wood,  metal,  etc.;  but  you  can  see 
through  a transparent  material  such  as  air, 
window  glass,  etc.  Translucent  materials  such 
as  thin  paper  and  cloth  will  let  light  through 
even  though  you  cannot  see  through  them. 

7.  Some  light  is  absorbed  by  the  dirt. 

Why  can  you  see  yourself  in  a mirror? 
(Pages  168-171) 

Concepts 

1.  An  object  is  seen  in  a mirror  because  light 
travels  from  the  object  to  the  mirror  and  is  re- 
flected back  to  the  observer. 

2.  Light  travels  away  from  the  mirror  on  the 
same  slant  at  which  it  strikes  the  mirror. 

Experiments 

Pages  169-170:  To  see  how  light  is  reflected  by 
a mirror. 

Materials  : Rubber  ball,  mirror. 

Pages  170-171:  To  make  a periscope  and  to 
see  how  it  changes  the  direction  of  light. 

Materials  : Cardboard  tube  or  narrow  wood- 
en box,  two  mirrors,  knife  for  cutting  tube  or 
saw  for  cutting  box,  nails  for  mirrors  to  rest  on. 
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Information  for  the  teacher 

The  principle  developed  in  this  problem  is 
stated  by  scientists  in  this  way:  The  angle  of 
reflection  is  equal  to  the  angle  of  incidence. 
Both  of  these  angles  are  measured  from  a line 
perpendicular  to  the  surface  at  the  point  where 
light  strikes  the  surface  and  is  reflected.  Al- 
though this  principle  applies  to  reflection  gen- 
erally, it  is  here  applied  only  to  flat,  or  plane, 
mirrors.  Curved  mirrors  (concave  and  convex) 
are  too  difficult  to  explain  at  this  level. 

Periscopes  in  submarines  use  prisms  to  reflect 
light.  The  inner  surfaces  of  the  prisms  reflect 
light  just  as  a mirror  does.  This  phenomenon 
is  called  internal  reflection. 

Procedure 

To  begin  this  problem,  ask  the  pupils  to  tell 
anything  they  have  noticed  about  how  a mir- 
ror works.  If  possible,  there  should  be  several 
small  mirrors  in  the  room  so  that  the  pupils 
may  see  a mirror  as  they  describe  their  observa- 
tions. Write  their  observations  on  the  board. 
Then  have  the  pupils  examine  the  pictures  on 
pages  168,  169,  and  170  and  do  the  experiments. 

From  the  experiments,  they  should  see  that 
(1)  if  a person  stands  straight  in  front  of  a 
mirror,  the  light  travels  as  shown  in  the  picture 
on  page  168;  and  (2)  when  light  strikes  a mir- 
ror at  a slant,  it  leaves  the  mirror  at  the  same 
slant,  as  illustrated  by  the  experiment  with  the 
ball.  Pupils  may  make  drawings  on  the  board 
to  show  the  path  of  light  to  and  from  mirrors 
set  at  different  angles.  If  it  is  a sunny  day,  they 
may  reflect  light  to  various  parts  of  the  room 
by  changing  the  angle  of  the  mirror.  Have  the 
pupils  read  the  text  down  to  the  second  para- 
graph on  page  170  to  check  their  conclusions. 

At  this  point,  the  teacher  may  ask  for  volun- 
teers to  make  a periscope  to  use  in  the  next 
lesson.  They  can  use  the  text  on  page  170  and 
the  picture  on  page  171  as  a guide.  In  making 
the  periscope,  the  pupils  should  drive  small  nails 
in  from  the  outside  for  the  mirrors  to  rest  on 
at  the  points  desired  to  make  the  proper  angles. 
In  the  lesson  on  the  periscope,  ask  the  children 
who  made  it  to  show  how  it  is  constructed  and 
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to  tell  how  it  works.  Be  sure  that  all  the  chil- 
dren have  an  opportunity  to  look  through  it 
and  understand  it.  Pupils  will  enjoy  using  the 
periscopes  to  see  around  corners  and  out  of 
windows.  The  pupils  may  then  read  to  the  end 
of  the  problem  to  find  out  more  about  the  peri- 
scope. For  additional  activities,  see  Things  to 
Do , page  185,  Nos.  4,  6,  8,  and  12. 

Questions  (Page  171) 

1.  Directly  in  front.  Light  travels  in  a 
straight  line  from  you  to  the  mirror  and  back 
to  your  eyes. 

2.  Light  travels  from  the  tree  to  the  water 
and  then  is  reflected  from  the  water  to  your 
eyes. 

3.  It  will  be  wavy  and  less  bright  and  clear. 

4.  Place  it  so  that  light  from  a window  will 
be  reflected  toward  the  corner. 

5.  Light  will  travel  at  a slant  from  you  to 
the  mirror,  then  be  reflected  at  the  same  slant 
in  the  opposite  direction  and  not  back  to  your 
eyes. 

What  do  lenses  do  to  light? 

(Pages  171-174) 

Concepts 

1.  Light  is  bent  when  it  travels  through  a 
lens. 

2.  The  bending  of  light  that  travels  from  an 
object  through  a lens  changes  the  apparent 
position  or  size  of  the  object. 

Experiments 

Pages  171-172:  To  show  that  light  is  bent 
when  it  passes  through  a lens. 

Materials:  Reading  glass,  white  paper,  sup- 
port for  reading  glass,  candle. 

Pages  172-174:  To  show  how  light  is  focused 
by  a lens. 

Materials  : Reading  glass,  candle,  white 
paper,  support  for  reading  glass. 

Page  173:  To  observe  how  a slide  projector 
projects  slides. 

Materials:  Slide  projector,  slides,  screen  or 
white  wall. 


Information  for  the  teacher 

When  light  travelling  through  one  medium 
(air,  for  example)  strikes  another  medium 
(water,  glass,  etc.)  at  an  angle,  the  light  is  bent. 
This  bending  of  light  is  called  refraction.  The 
amount  which  the  light  is  bent  depends  on  the 
density  of  the  medium  and  the  angle  at  which 
the  light  strikes  the  medium.  The  denser  the 
medium  that  the  light  is  entering,  the  more 
the  rays  are  bent,  or  refracted.  The  greater  the 
angle  at  which  the  light  enters  the  medium, 
the  more  the  light  is  bent.  Light  entering  a 
denser  medium  is  bent  toward  an  imaginary 
perpendicular  line  that  passes  through  the  cen- 
tre of  the  medium.  Light  emerging  from  the 
other  side,  when  the  two  surfaces  of  the  me- 
dium are  parallel,  is  bent  away  from  the  per- 
pendicular so  that  the  emerging  ray  is  parallel 
to  the  position  it  had  when  it  entered  the  me- 
dium. The  light  that  strikes  the  new  medium 
at  right  angles  is  not  bent.  It  passes  straight 
through  but  is  slowed  down. 

Ordinary  window  glass  does  bend  the  light 
somewhat  but  not  so  much  as  plate  glass,  which 
is  much  thicker.  A poor  grade  of  window  glass 
has  a surface  that  is  not  perfectly  smooth  so 
that  the  rays  are  bent  differently  in  different 
parts  of  the  glass.  This  makes  objects  seen 
through  the  window  look  wavy.  Light  rays 
entering  or  leaving  water  at  an  angle  are  bent. 
Fish,  stones,  or  other  objects  seen  in  the  water 
seem  to  be  nearer  the  surface  than  they  are, 
because  light  rays  coming  from  them  to  your 
eyes  are  bent. 

Lenses  make  use  of  the  principles  of  refrac- 
tion. Parallel  rays  of  light  striking  the  lens 
enter  the  lens  at  a slant  because  the  lens  is 
curved.  So  the  light  is  bent.  A convex  lens  is 
thicker  at  the  centre  than  it  is  at  the  edges. 
A concave  lens  is  thicker  at  the  edges  than  at 
the  centre.  A double-convex  lens  (curved  out- 
ward on  both  sides),  such  as  the  one  in  a read- 
ing glass,  is  the  type  used  in  the  experiments 
in  this  problem.  Rays  of  light  passing  through 
this  type  of  lens  are  bent  toward  the  centre. 
Those  toward  the  outside  are  bent  more  be- 
cause the  curve  of  the  lens  is  greater  at  the 


outside  and  increases  the  angle  at  which  the 
light  enters  the  lens. 

Procedure 

To  start  this  problem,  ask  the  children  what 
they  have  already  learned  about  lenses.  They 
should  recall  from  Unit  4 that  a lens  is  a curved 
piece  of  glass.  They  will  probably  remember 
the  use  of  lenses  in  the  microscope.  Most  chil- 
dren will  have  looked  through  magnifying 
glasses,  and  some  may  have  looked  through 
telescopes.  The  children  who  wear  glasses  may 
know  that  they  are  wearing  lenses.  Lead  the 
discussion  to  the  point  where  the  children  won- 
der what  lenses  do  to  light  that  makes  it  pos- 
sible to  use  them  as  we  do.  Then  suggest  that 
they  carry  out  some  experiments  to  find  the 
answer  to  this  question. 

In  doing  the  experiments  with  lenses,  the 
children  should  follow  the  directions  given  in 
the  text  and  study  the  pictures  on  pages  172- 
173.  From  these  experiments,  it  may  be  seen 
how  a lens  bends  light  and  how  this  fact  is 
used  in  making  lenses.  After  doing  the  experi- 
ments, these  pages  (up  to  the  second  para- 
graph on  page  173)  may  be  read  again  for 
explanation  of  what  the  pupils  have  seen. 

Then  the  pupils  should  read  the  rest  of  the 
problem  and  do  the  experiment  to  find  out  how 
different  devices  make  use  of  lenses.  If  a camera 
and  a slide  projector  are  available,  the  parts 
may  be  examined.  Children  in  the  class  who 
wear  glasses  may  be  able  to  tell  what  their 
glasses  do  for  them. 

For  additional  activities,  see  Things  to  Do, 
page  185,  Nos.  3,  7,  8,  and  9. 

Questions  (Page  174) 

1.  Curved  outward  on  both  sides;  thicker  in 
the  middle  than  at  the  edge. 

2.  It  bends  the  light. 

3.  The  picture  is  upside  down,  and  either 
larger  or  smaller. 

4.  Closer. 

5.  So  that  the  light  will  come  to  a focus  on 
the  film.  You  cannot  move  the  film,  and  so  you 
must  move  the  lens  to  get  a clear  picture. 
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How  do  we  see  things  that  are  very 
small  or  far  away?  (Pages  175-177) 

Concept 

Lenses  can  be  used  to  help  us  see  things  that 
are  very  small  or  far  away. 

Observation 

Page  175:  To  use  a magnifying  glass. 
Materials  : Magnifying  glass,  leaf. 

Information  for  the  teacher 

Pictures.  Page  175.  The  boys  are  looking  at 
some  pond  water.  They  might  see  many  kinds 
of  green  or  blue-green  algae  and  tiny  water 
animals.  The  little  animal  on  the  left-hand  side 
is  Cyclops , a microscopic  crustacean  found  in 
fresh  water.  It  gets  its  name  from  its  single  eye. 
The  centre  picture  is  the  green  alga,  Spirogyra. 
The  other  is  also  a green  alga  called  Volvox. 
Both  of  these  are  commonly  found  in  fresh 
water. 

Page  176.  There  have  been  many  magazine 
and  newspaper  articles  describing  the  making 
of  the  giant  lens  for  the  telescope  at  Mount 
Palomar.  These  may  be  consulted  for  pictures 
and  further  details. 

Text.  The  microscope  referred  to  in  the  text 
and  the  one  in  the  picture  on  page  175  are 
compound  microscopes,  that  is,  having  two 
lenses.  A simple  microscope  has  only  one  lens; 
it  is  really  just  a magnifying  glass  mounted  so 
that  it  can  be  focused.  The  kind  of  telescope 
having  two  different  lenses,  such  as  the  one 
at  Yerkes  Observatory,  is  called  a refracting 
telescope.  A third  kind  of  telescope,  using  a 
spherical  mirror  and  a correcting  lens,  is  called 
the  Schmidt  telescope. 

Procedure 

The  discussion  at  the  beginning  of  the  pre- 
vious problem  should  have  brought  out  the 
children’s  general  experiences  with  lenses.  If  a 
compound  microscope  is  available,  the  pupils 
should  have  an  opportunity  to  examine  it  and 
to  look  at  objects,  such  as  a plant  leaf,  a bee’s 
leg,  or,  as  suggested  by  the  picture  on  page  175, 
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the  tiny  plants  and  animals  found  in  water. 
If  any  pupil  has  a small  telescope,  ask  him  to 
bring  it  to  school  so  that  it  can  be  examined 
by  others.  A pair  of  field  glasses  should  also  be 
provided  for  pupils,  if  possible,  so  that  they  may 
see  the  effect  of  lenses.  After  providing  as  many 
experiences  as  possible  with  lenses,  have  the 
pupils  read  the  problem  for  additional  informa- 
tion. The  part  on  the  telescope  may  be  used 
as  motivation  for  the  next  unit,  What  Is  the 
Universe  Like?  For  an  additional  activity  to 
enrich  this  problem,  see  Things  to  Do , page 
185,  No.  1. 

Questions  (Page  177) 

1.  Scientists  could  then  see  and  study  very 
tiny  plants  and  animals,  some  of  which  cause 
disease. 

2.  One  kind  has  two  lenses,  one  lens  thicker 
in  the  middle  than  at  the  edge,  the  other  lens 
thicker  at  the  edges;  another  kind,  the  reflect- 
ing telescope,  has  only  one  lens  and  two  dif- 
ferent mirrors. 

3.  A microscope  may  have  two  lenses,  each 
like  a reading  glass. 

How  do  we  see  things? 

(Pages  177-180) 

Concepts 

1.  Different  parts  of  the  eye  work  together 
so  that  we  can  see. 

a)  Light  enters  the  eye  through  the  pu- 
pil, whose  size  is  controlled  by  the  iris. 

b)  Light  travels  from  the  objects  through 
the  lens  of  the  eye,  which  makes  a picture  of 
the  object  on  the  lining,  or  retina,  of  the  eye. 

c)  Nerves  in  the  retina  carry  messages  to 
the  brain,  where  the  picture  is  interpreted. 

2.  The  eyes  must  be  properly  cared  for. 

Observation 

Pages  177-178:  To  observe  the  outer  structure 
of  the  eye. 

Material:  Mirror. 


Information  for  the  teacher 

Other  important  parts  of  the  eye:  cornea , 
transparent  membrane  (resembling  a watch 
crystal)  on  the  front  of  the  eyeball;  conjunc- 
tiva, thin  mucous  coating  protecting  the  cornea; 
aqueous  humor , clear  liquid  found  in  the  space 
behind  the  cornea;  vitreous  humor , clear  jelly- 
like  substance  filling  the  space  between  the 
lens  and  the  retina;  sclerotic  coat , white,  fibrous, 
protective  coat  covering  the  eyeball,  lending 
form  and  shape  to  the  eye;  choroid  coat , middle 
coat  or  membrane  between  the  sclerotic  coat 
and  retina;  optic  nerve,  carries  the  images  to  the 
brain;  blind  spot,  spot  at  which  the  optic  nerve 
leaves  the  eye  and  therefore  does  not  detect 
light. 

Pupils  may  wonder  why  we  do  not  see  things 
upside  down.  The  image  on  the  retina  is  up- 
side down;  but  in  some  way  not  yet  under- 
stood, the  brain  interprets  the  image  so  that  we 
see  things  right  side  up.  The  eye  is  focused  by 
the  bulging  or  flattening  out  of  the  lens.  It 
bulges  out  when  we  look  at  close  objects  and 
flattens  when  we  are  looking  at  far-off  ones. 
These  adjustments  are  automatic  and  are  made 
unconsciously. 

Procedure 

This  problem  on  the  eyes  is  probably  the 
most  important  one  in  the  unit  from  the  point 
of  view  of  close  relation  to  the  pupils’  daily 
lives.  To  start  the  problem,  have  each  pupil 
look  closely  at  another’s  eyes  and  compare 
them  with  the  picture  on  page  178  to  learn  the 
outer  parts  of  the  eye.  Also  have  pupils  do  the 
experiment  suggested  on  page  178.  Then  they 
should  read  page  177  through  the  first  para- 
graph on  page  179  to  find  out  more  about  the 
parts  of  the  eye  and  how  they  work. 

The  rest  of  the  problem  is  extremely  impor- 
tant. Have  the  children  read  the  text,  look  at 
the  picture  on  page  179,  and  answer  the  ques- 
tion under  it.  The  pupils  should  then  discuss 
each  safety  rule  on  page  180,  so  that  everyone 
understands  the  reasons  for  it.  Pupils  should 
check  each  other  in  the  schoolroom  to  see  that 


the  rules  are  being  observed.  They  should 
show  the  rules  to  their  parents  and  discuss 
them  at  home.  For  additional  activities,  see 
Things  to  Do,  page  185,  Nos.  10  and  13. 

Questions  (Page  180) 

1.  Pupil : lets  light  into  the  eye;  retina : re- 
ceives the  light.  It  has  many  tiny  nerves  that 
carry  messages  to  the  brain.  Iris:  can  make  the 
pupil  larger  or  smaller  to  let  the  right  amount 
of  light  in.  Muscles:  hold  the  eyeball  in  its 
socket  and  make  it  move  so  that  you  can  see 
up,  down,  to  the  sides,  etc.  Socket:  pocket  in 
bones  of  skull  that  holds  eyeball  and  helps 
protect  it.  Lens:  bends  the  light  and  brings  it 
to  a focus  on  the  retina. 

2.  Working  your  eyes  too  hard  or  too  long; 
using  them  in  light  that  is  too  bright  or  too 
dim;  letting  light  shine  directly  into  them. 

3.  Answer  should  include  the  safety  rules, 
page  180. 

Why  do  things  have  different  colors? 
(Pages  181-184) 

Concepts 

1.  The  color  of  an  object  is  caused  by  the 
way  in  which  it  reflects  certain  light  rays  and 
absorbs  others. 

2.  Sunlight  is  a mixture  of  light  rays  of  many 
colors. 

3.  The  colors  of  sunlight  are  separated  when 
sunlight  passes  through  a prism. 

4.  White  is  not  a color;  it  is  a mixture  of  all 
the  colors. 

5.  Black  is  not  a color;  it  is  lack  of  color. 

Experiments  and  observations 

Page  181 : To  observe  the  separation  of  colors 
formed  when  sunlight  passes  through  a glass 
prism. 

Materials:  Prism,  piece  of  white  paper. 

Page  182:  To  show  that  white  is  a mixture 
of  colors. 

Materials:  Circle  of  cardboard,  red,  blue, 
and  green  crayons  or  colored  paper,  top  or  toy 
motor  with  place  for  attaching  color  wheel. 
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Pages  183-184:  To  show  that  the  color  of  an 
object  is  caused  by  the  light  it  reflects. 

Materials:  Piece  of  brown  wrapping  paper 
big  enough  to  cover  a window,  white  paper, 
red,  blue,  and  green  glass  or  cellophane. 

Information  for  the  teacher 

The  band  of  color  seen  when  light  passes 
through  a prism  is  called  the  spectrum.  The 
spectrum  is  usually  said  to  have  seven  colors: 
violet,  indigo,  blue,  green,  yellow,  orange,  and 
red.  Light  travels  in  waves  of  various  lengths. 
Each  kind  of  color  light  has  its  own  wave 
length.  Violet  has  the  shortest  wave  length  and 
red  the  longest.  The  wave  lengths  of  the  other 
colors  are  in  between.  Light  rays  are  bent  when 
they  pass  into  glass.  The  shortest  waves  are 
bent  more  than  the  longest.  Since  each  kind 
of  light  is  bent  differently,  the  result  is  the 
bands  of  the  different  colors  on  the  paper. 

Procedure 

Introduce  this  problem  by  having  the  chil- 
dren look  at  all  the  colored  objects  that  they 
can  see  in  the  room  or  out  of  the  window.  Ask 
the  pupils  why  they  think  these  objects  have 
color.  Many  will  probably  say,  “Because  they 
are  painted  or  colored  with  paints,  crayons, 
etc.”  This  is  true,  of  course.  But  the  real  ques- 
tions to  be  answered  are  why  the  paints  and 
dyes  have  different  colors  and  why  a given 
color  does  not  always  look  the  same.  List  their 
reasons  and  any  unanswered  questions  on  the 
board.  Then  suggest  that  they  do  some  experi- 
ments to  see  whether  their  reasons  are  correct 
and  to  answer  their  questions. 

Have  the  pupils  do  the  experiment  with  the 
prisms  on  page  181.  Let  them  discuss  their 
observations,  using  the  questions  in  the  second 
column  as  a basis  for  the  discussion.  Then  do 
the  color-wheel  experiment  to  find  the  answer 
to  the  last  question.  After  doing  the  experi- 
ments, the  pupils  should  read  the  text  up  to 
the  second  paragraph  on  page  183  for  explana- 
tion of  what  they  observed. 

The  rest  of  the  problem  relates  what  they 
have  learned  about  white  light  to  the  reasons 
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why  things  have  different  colors.  After  the  pu- 
pils have  done  the  experiment  with  the  colored 
glass  or  cellophane  and  discussed  it,  have  them 
read  the  text  from  the  second  paragraph  on 
page  183  to  the  end  of  the  problem.  Then  look 
back  at  the  questions  asked  at  the  beginning  of 
the  problem  and  answer  any  that  were  left  un- 
answered. After  doing  the  experiments  and 
reading  the  text,  children  should  be  able  to 
explain  why  paints  and  dyes  have  different 
colors.  The  materials  from  which  they  are 
made  absorb  colors  differently.  When  some- 
thing is  painted,  colored,  or  dyed,  some  of  the 
material  that  reflects  the  desired  color  is  trans- 
ferred to  the  thing  to  be  colored.  For  an  addi- 
tional activity,  see  Things  to  Do,  page  185,  No. 

n. 

Questions  (Page  184) 

1.  It  bends  each  color  in  white  light  a 
different  amount. 

2.  The  cover  absorbs  all  other  colors  but 
reflects  blue. 

3.  The  glass  lets  only  the  red  light  through. 

4.  White  sunlight  and  many  tiny  drops  of 
water  floating  in  the  air.  The  separation  of  the 
white  light  by  the  raindrops  acting  like  a prism 
causes  the  rainbow. 

5.  Mixing  all  colors  of  light  gives  white. 
Separating  white  sunlight  with  a prism  gives 
all  colors. 

Questions  to  answer  (Pages  184-185) 

1.  Dirt  makes  the  window  less  transparent; 
so  less  light  passes  through  it. 

2.  In  a microscope,  lenses  make  very  tiny 
things  large  enough  to  see  and  study.  In  a 
telescope  or  field  glasses,  they  make  things  that 
are  far  away  seem  closer.  Cameras,  periscopes, 
eyeglasses,  and  other  instruments  using  lenses 
are  very  helpful. 

3.  If  white  or  very  light-colored  costumes 
are  used,  shining  a red  light  on  them  will  make 
them  reflect  red,  blue  light  will  make  them 
seem  blue,  etc. 

4.  Divide  93  million  by  186,000.  Answer:  500 
seconds,  or  8%  minutes. 


5.  In  sunlight,  the  cloth  absorbs  all  colors 
but  red.  Red  is  reflected,  and  so  the  cloth  looks 
red.  Green  glass  absorbs  all  colors  but  green. 
Green  light  has  no  red  in  it,  and  so  the  cloth 
looks  black.  Black  is  a lack  of  color. 

6.  A well-lighted  room  will  have  large  win- 
dows, shades  to  prevent  glare  from  bright  sun- 
light, light-colored  walls  to  reflect  light  into 
darker  corners,  sufficient  artificial  lighting  for 
dark  days,  desks  placed  so  that  neither  shadows 
nor  glare  will  fall  across  them,  etc. 

7.  By  having  plenty  of  light  without  glare 
and  sitting  in  such  a position  that  the  book  or 
paper  is  not  shadowed. 

8.  Each  has  one  lens  that  bends  light  and 
brings  it  to  a focus.  A picture  is  then  made 
behind  the  lens.  In  your  eye,  the  picture  is  made 
on  the  retina;  in  a camera,  it  is  made  on  the 
film.  The  shutters  of  a camera  can  be  set  to  let 
in  the  right  amount  of  light.  In  your  eye,  the 
iris  changes  the  size  of  the  pupil  to  do  the 
same  thing. 

Yes.  Because  there  is  only  one  lens. 

9.  Black  absorbs  all  colors  and  reflects  none; 
so  it  is  a lack  of  color.  White  reflects  all  colors; 
so  it  is  a mixture  of  all  colors. 

Things  to  do  (Page  185) 

1.  Individual  report.  This  activity  may  be 
combined  with  the  suggested  visit  to  see  a 
telescope  for  the  next  unit.  See  Things  to  Do, 
page  213,  No.  5. 

2.  Several  kinds  are  used.  Some  are  cut  to 


reflect  almost  all  light  that  strikes  them.  Some 
are  made  of  glass  balls,  polished  metal,  or 
prisms. 

3.  List  might  include : eyeglasses,  binoculars, 
microscope,  telescope,  camera,  spotlight,  flash- 
light, headlight,  stereoscope,  moving  picture  or 
slide  projector,  periscope,  etc. 

4.  Doctors  use  concave  mirrors  to  reflect 
light  into  the  mouth  and  throat.  Dental  mirrors 
are  concave;  they  magnify  the  teeth. 

5.  Group  activity. 

6.  Plate  glass  is  placed  on  heated  tables.  A 
diluted  compound  of  silver  nitrate,  ammonia, 
and  tartaric  acid  is  poured  over  the  glass.  The 
heat  helps  the  silver  stick  to  the  glass.  When 
dry,  the  back  is  shellacked  and  then  painted. 

7.  Concave,  convex,  double-concave,  double- 
convex,  concavo-convex. 

8.  They  have  a lens  in  front  and  a reflector 
behind  the  source  of  light,  both  of  which  help 
to  direct  the  light  to  the  right  place  on  the  road. 

9.  With  a thicker  lens,  the  focus  is  closer. 
With  a thinner  lens,  the  focus  is  farther  away. 

10.  Oyster:  no  eyes.  Mole:  almost  blind.  Fly: 
compound  eye  made  up  of  many  parts.  Bird: 
highly  developed  eye;  can  see  at  great  distances. 
Cat:  cannot  see  in  absolute  darkness  but  needs 
less  light  than  any  other  common  animal.  Owl: 
sees  poorly  in  daylight  but  well  at  night;  im- 
movable eyeball.  Whale:  eyes  about  size  of  a 
grapefruit;  immovable  eyeball. 

11-12.  Individual  or  group  activities. 

13.  The  Snellen  chart  is  commonly  used. 


UNIT 


What  Is  the  Universe  Like ? 


Purpose  and  scope 

This  unit  continues  the  study  of  the  earth 
and  its  relation  to  other  parts  of  the  universe 
begun  in  earlier  books  of  the  Basic  Studies  in 
Science  program.  Discovering  Our  World, 
Boo\  One,  Unit  4,  presented  the  sun  as  our 
source  of  light  and  heat  and  also  explained 


some  of  the  effects  of  the  earth’s  movements. 
Unit  5 dealt  with  stars,  some  of  the  constella- 
tions, the  moon,  the  planets,  and  meteors.  Boo\ 
Two,  Unit  2,  took  up  the  sun  as  a source  of 
energy  and  also  introduced  the  concept  of  grav- 
ity. Unit  8 told  how  green  plants  make  food  by 
using  the  sun’s  energy.  Boo\  Three,  Unit  2, 
explained  how  changes  take  place  in  the  earth’s 
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atmosphere.  Unit  3 discussed  the  changes  con- 
tinually being  made  in  the  earth’s  surface. 

Having  studied  all  these  units,  pupils  are 
now  ready  to  make  a broad  survey  of  the  uni- 
verse as  a whole  and  of  the  earth’s  place  in  the 
universe.  The  increased  maturity  of  the  chil- 
dren and  their  background  information  about 
the  energy  and  materials  essential  for  life  enable 
them  to  grasp  ideas  not  comprehensible  before. 
When  they  finish  this  unit,  pupils  should  have 
a feeling  for  the  vast  expanse  of  the  universe 
as  well  as  an  understanding  of  the  earth’s  place 
in  the  universe.  The  unit  offers  many  excellent 
opportunities  to  stress  the  value  of  the  scien- 
tific attitude  and  to  show  how  such  an  attitude 
affects  our  thinking  and  behavior. 

Science  background 

Loo\  and  Learn:  Unit  3,  Days  and  Days 

All  Around  Us:  Unit  3,  Sun,  Wind,  and 
Weather 

How  Do  We  Know?:  Unit  2,  Land  and 
Water 

Discovering  Our  World , Boo\  One:  Unit  4, 
Why  Do  We  Have  Days  and  Nights?  Unit 
5,  What  Can  We  See  in  the  Sky  at  Night? 

Discovering  Our  World , Boo\  Two:  Unit  1, 
How  Do  Living  Things  Help  and  Harm  Each 
Other?  Unit  2,  What  Makes  Things  Move? 
Unit  6,  How  Do  We  Control  Fire?  Unit  8, 
Where  Does  All  the  Food  of  the  World  Come 
From? 

Discovering  Our  World , Boo\  Three:  Unit 
2,  Why  Does  the  Weather  Change?  Unit  5, 
How  Do  We  Use  Electric  Current?  Unit  6, 
How  Do  We  Use  Light? 

General  concepts 

1.  The  solar  system  is  made  up  of  the  sun, 
the  planets  and  their  moons,  planetoids,  and 
comets. 

2.  The  universe  is  made  up  of  everything  in 
the  sky,  including  the  solar  system. 

3.  We  need  the  sun  for  heat,  light,  food,  and 
energy. 

4.  The  earth  and  the  other  things  of  the 
solar  system  travel  around  the  sun  at  a great 
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speed,  each  held  in  its  own  orbit  and  moving  in 
a regular  and  exactly  predictable  manner. 

5.  The  planets  vary  in  size,  distance  from  the 
sun,  speed  of  revolution,  number  of  moons,  etc. 

6.  No  life  is  definitely  known  of  on  any 
planet  except  the  earth. 

7.  Comets  are  made  up  of  gases  and  little 
bits  of  solids. 

8.  An  eclipse  of  the  sun  is  caused  by  the 
moon  passing  between  the  earth  and  the  sun; 
an  eclipse  of  the  moon  is  caused  by  the  earth 
passing  between  the  moon  and  the  sun. 

9.  Distances  between  the  stars  are  so  vast 
that  scientists  measure  them  in  light-years. 

10.  There  are  billions  of  stars  in  the  universe. 

Introducing  the  unit  (Pages  187-189) 

Concepts 

1.  The  solar  system  is  made  up  of  the  sun, 
the  planets  and  their  moons,  planetoids,  and 
comets. 

2.  The  universe  is  made  up  of  everything  in 
the  sky,  including  the  solar  system. 

Procedure 

Introduce  this  unit  by  asking  the  pupils  to 
recall  what  they  already  know  about  the  things 
that  they  see  in  the  sky  at  night.  From  their 
own  experience  and  from  Unit  5,  Boo\  One , 
they  should  be  able  to  name  most  of  the  parts 
of  the  universe  to  be  studied  in  this  unit.  List 
the  items  on  the  board.  As  the  unit  progresses, 
the  name  of  the  group  or  system  to  which  each 
belongs  can  be  written  beside  the  item.  At  the 
end  of  the  unit,  they  can  be  rearranged  to  make 
a diagram  showing  the  relation  of  the  parts 
of  the  universe  to  each  other.  The  pictures  on 
pages  186-187  should  be  used  to  bring  out  the 
idea  of  the  vast  expanse  of  the  universe.  The 
members  of  our  solar  system  are  but  few  in 
comparison  with  the  countless  numbers  of  ob- 
jects in  the  universe  of  which  the  solar  system 
is  a tiny  part.  The  picture  is,  of  course,  ideal- 
ized to  bring  out  this  point  and  to  show  how 
the  solar  system  would  appear  if  viewed  from 
some  place  beyond  it. 


After  the  discussion,  have  the  pupils  read 
pages  187-189  and  check  the  list  on  the  board. 
The  story  of  Columbus  and  the  eclipse  may 
start  a discussion  of  eclipses  that  the  children 
have  seen.  If  any  have  had  this  experience,  let 
them  tell  about  it;  but  defer  attempts  to  ex- 
plain eclipses  until  the  class  comes  to  that 
problem  in  the  unit.  This  section  may  also  lead 
to  a discussion  of  ways  in  which  people  have 
used  the  sun  and  stars  and  how  we  use  them 
today.  Pupils  should  recall  Units  4 and  5,  Boo\ 
One , and  think  of  other  situations  from  their 
own  experiences  or  from  stories. 

How  does  the  sun  help  us? 

(Pages  189-193) 

Concept 

We  need  the  sun  for  heat,  light,  food,  and 
energy. 

Procedure 

Throughout  the  Discovering  Our  World 
series,  the  importance  of  the  sun  has  frequently 
been  mentioned.  This  problem  brings  together 
many  of  the  previously  taught  concepts  by  tell- 
ing an  imaginary  story  of  what  would  happen 
if  the  sun  stopped  shining.  To  introduce  this 
problem,  have  the  pupils  read  and  discuss  the 
first  paragraph  on  page  189,  using  the  picture 
on  pages  188-189.  The  discussion  should  bring 
out  the  fact  that  although  the  distance  to  the 
sun  is  great,  it  is  really  very  small  compared 
with  other  distances  in  the  universe. 

Now  ask  the  pupils  to  think  of  as  many 
things  as  they  can  that  would  happen  on  the 
earth  if  the  sun  suddenly  stopped  shining. 
Have  them  explain  their  answers  and  write 
the  answers  and  explanations  on  the  board. 
Then  let  the  children  read  the  story  and  look 
at  the  pictures.  They  should  compare  the  ideas 
in  the  text  with  the  answers  and  explanations 
that  they  gave. 

Questions  (Page  193) 

1.  There  would  be  no  heat  or  light.  Without 
these,  no  plants  could  live  to  supply  food.  With- 


out plants,  no  animals  could  live.  All  water 
would  be  frozen.  There  would  be  no  wind. 
Nothing  could  be  moved  by  water  or  wind. 
No  coal  or  oil  could  have  been  formed,  and  so 
there  would  be  no  energy  from  coal  or  oil. 

2.  Since  the  sun  is  the  source  of  most  of  the 
energy  we  use,  the  list  should  include  the  ways 
in  which  we  need  and  use  energy. 

3.  No.  Scientists  tell  us  it  will  go  on  for  mil- 
lions and  millions  of  years. 

4.  The  energy  in  your  muscles  comes  from 
the  food  you  eat.  All  the  food  in  the  world 
comes  from  green  plants,  which  use  the  energy 
of  the  sun  to  make  food. 

How  do  the  planets  move  in  the  solar 
system?  (Pages  194-197) 

Concepts 

1.  The  earth  and  the  other  things  in  the 
solar  system  travel  around  the  sun  at  a very 
great  speed. 

2.  Each  of  these  is  held  in  its  own  orbit  by 
opposing  forces. 

3.  The  movements  of  the  solar  system  are 
regular  and  exactly  predictable. 

Experiment 

Page  195:  To  show  how  the  earth  stays  in  its 
orbit. 

Materials:  Ball,  strong  rubber  band  (or 
piece  of  elastic). 

Information  for  the  teacher 

The  force  that  makes  any  whirling  object 
pull  away  from  the  centre  around  which  it 
whirls  is  called  centrifugal  force.  Farm  children 
will  be  familiar  with  the  use  of  this  principle 
in  cream  separators.  Some  pupils  may  have 
seen  a machine  at  a fair  or  carnival  on  which 
small  cars  move  out  from  the  centre  as  the 
machine  whirls. 

There  are  about  1100  planetoids,  varying  in 
diameter  from  20  to  300  miles.  Scientists  think 
that  these  planetoids  may  be  pieces  of  a big 
planet  that  once  travelled  around  the  sun  be- 
tween Mars  and  Jupiter.  Possibly  this  big  planet 
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met  with  an  accident  of  some  kind  that  broke 
it  into  pieces. 

Procedure 

The  pupils  already  know  that  the  earth  and 
the  other  planets  travel  around  the  sun.  Have 
them  recall  this  fact  and  then  read  and  discuss 
the  text  down  to  the  experiment  on  page  195, 
using  the  picture  on  page  194.  Now  let  the  pu- 
pils do  the  experiment  described  and  illus- 
trated on  page  195.  After  doing  the  experiment, 
they  should  check  their  findings  by  reading  the 
text  down  to  the  third  paragraph  on  page  196. 
They  should  then  read  to  the  end  of  the  prob- 
lem and  examine  the  picture  on  page  197. 

Questions  (Page  197) 

1.  The  sun. 

2.  They  reflect  the  sun’s  light. 

3.  As  it  travels  around  the  sun,  a force  pulls 
it  away.  An  equal  force  pulls  it  toward  the  sun. 

4.  All  travel  around  the  sun  in  the  same  di- 
rection; each  stays  in  its  own  orbit;  most  have 
one  or  more  moons  travelling  in  their  own 
orbits  with  the  planets;  none  have  light  of  their 
own  but  reflect  the  sun’s  light;  each  turns  on 
its  own  axis. 

5.  Orbit:  path  of  a planet  around  the  sun. 
Axis:  imaginary  line  through  a planet  on  which 
it  rotates.  Each  planet  has  an  axis  on  which  it 
rotates.  Gravity:  the  force  that  holds  every- 
thing to  the  earth  and  keeps  the  planets  in 
their  positions  in  the  solar  system  by  pulling 
them  toward  the  sun  as  the  other  force  (centrif- 
ugal) is  pulling  them  away.  Solar  system:  the 
sun,  the  planets  and  their  moons,  and  other 
things  that  revolve  around  it.  Solar  system  is 
part  of  the  universe;  is  7%  billion  miles  across. 

What  have  scientists  learned  about  the 
planets?  (Pages  198-204) 

Concepts 

1.  The  planets  vary  in  size,  distance  from  the 
sun,  speed  of  revolution,  number  of  moons,  etc. 

2.  No  life  is  definitely  known  on  any  planet 
except  the  earth. 


Information  for  the  teacher 

Pictures.  Pages  200-201.  The  stars  in  the  con- 
stellation Leo  seem  to  have  moved  because  the 
earth  is  moving  in  its  orbit  around  the  sun. 
This  makes  the  stars  appear  in  a different  posi- 
tion. Some  that  are  visible  at  one  time  of  year 
may  be  invisible  at  other  times.  We  are  not  con- 
scious of  the  movement  of  the  earth.  It  is  the 
stars  that  appear  to  move. 

The  planets  are  moving  in  their  orbits  around 
the  sun.  They  have  changed  their  positions  in 
the  two  weeks  that  have  elapsed  between  the 
two  pictures.  The  planets  themselves  have 
moved  because  the  distances  between  them 
have  changed.  Mars  has  moved  nearer  to  Ve- 
nus, and  Mercury  has  moved  farther  away  from 
Venus.  This  change  of  distance  occurs  because 
the  planets  travel  at  different  speeds. 

Page  204.  From  this  “bedspring”  aerial  on  a 
hilltop  in  New  Jersey,  a radar  beam  was  di- 
rected at  the  moon,  January  10,  1946.  Less  than 
two  and  one-half  seconds  later  sensitive  instru- 
ments received  a response.  Travelling  at  a speed 
of  186,000  miles  a second,  radar  waves  hit  the 
moon  and  bounced  back  like  an  echo. 

Text.  Magazines  such  as  Junior  Natural  His- 
tory and  Nature  Magazine  (see  Bibliography) 
are  excellent  to  consult  to  find  out  what  planets 
are  visible  each  month  and  how  to  locate  them. 
Maps  and  interesting  information  are  given. 

Procedure 

The  problem  may  be  introduced  by  asking 
the  pupils  to  name  all  the  planets  they  can 
think  of.  Write  the  names  on  the  board.  Then 
ask  the  children  to  tell  anything  that  they 
know  about  the  planets.  They  should  recall 
what  they  learned  in  Discovering  Our  World , 
Boo\  One , Unit  5.  If  they  have  read  anything 
about  planets  in  magazines  and  newspapers, 
they  can  contribute  this  information,  too. 

Now  have  the  class  read  down  to  the  first 
paragraph  on  page  202.  The  pupils  should  an- 
swer the  questions  asked  in  the  second  para- 
graph on  page  198.  This  will  review  the  relation 
of  air  and  water  to  living  things.  On  page  199, 
the  discussion  of  seasons  on  Mars  will  afford  a 
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review  of  the  general  causes  of  seasons  taught 
in  Discovering  Our  World,  Boo\  One,  Unit  4. 
Be  sure  that  the  children  examine  the  pictures 
on  pages  200  and  201  and  answer  the  questions 
in  the  legend  on  page  201.  From  Discovering 
Our  World,  Boo\  One,  Unit  5,  have  the  pupils 
recall  or  do  again  the  experiment  with  the 
umbrella  and  globe  on  page  122  of  that  book. 
This  will  help  them  understand  the  difference 
between  the  apparent  movement  of  the  stars 
and  the  actual  movement  of  the  planets. 

Pages  202  and  203  to  the  end  of  the  first  para- 
graph should  be  given  careful  treatment,  since 
these  pages  develop  an  important  science  skill: 
the  interpretation  of  tables.  Have  the  children 
read  these  pages  and  consult  the  table  on  page 
203.  The  pupils  should  not  memorize  the  data 
or  the  table.  The  table  should  be  used  merely 
to  give  ideas  of  relative  size,  distance,  speed,  etc. 

The  rest  of  page  203  and  page  204  should 
then  be  read  and  discussed.  Give  the  children 
an  opportunity  to  tell  what  they  have  read  or 
heard  about  rocket  ships  or  people  from  other 
planets.  Ask  them  to  tell  which  of  these  things 
might  be  true  and  which  are  not  true.  Such  a 
discussion  will  give  an  opportunity  to  stress  the 
importance  of  scientific  thinking  and  give  prac- 
tice in  testing  ideas  with  facts. 

To  summarize  the  study  of  planets,  have 
the  pupils  make  nine  small  charts  and  place 
a drawing  of  one  planet  on  each  chart.  Label 
each  chart  with  the  name  of  the  planet.  The 
pupils  should  collect  information  about  the 
various  planets  and  assemble  it  on  the  charts. 
The  class  may  work  together  and  make  a set  of 
charts  or  each  pupil  may  make  a separate  set. 

Have  the  children  watch  for  articles  on  Mars 
and  the  other  planets  in  newspapers  and  maga- 
zines. There  is  currently  much  interest  in  the 
possibility  of  some  form  of  plant  life  on  Mars, 
and  reports  of  observations  and  theories  often 
appear  in  the  papers.  For  additional  activities, 
see  Things  to  Do,  page  213,  Nos.  2,  3,  and  4. 

Questions  (Page  204) 

1.  The  earth,  because  that  is  the  planet  on 
which  we  live. 


2.  Mercury,  Venus,  Mars,  Jupiter,  Saturn, 
Uranus  (barely). 

3.  Neptune,  Pluto. 

4.  Answers  will  vary.  Refer  to  the  table  on 
page  203  as  well  as  to  the  text. 

5.  Venus  and  Mars.  Mars  has  air  and  water. 
Venus  might  have,  although  we  cannot  see 
through  its  clouds  to  find  out. 

6.  Ali\e : Both  are  very  bright,  are  some- 
times called  “morning  star”  or  “evening  star,” 
and  both  have  thick  clouds  around  them.  Dif- 
ferent: Jupiter  is  much  larger,  much  farther 
from  the  sun,  and  has  eleven  moons  while 
Venus  has  none. 

7.  Planets  near  the  sun  move  faster.  Those 
far  away  have  longer  years. 

What  are  comets?  (Pages  205-206) 

Concepts 

1.  Comets  are  made  up  of  gases  and  little 
bits  of  solids. 

2.  The  orbit  of  a comet  and  the  orbits  of  the 
planets  often  cross. 

3.  The  time  of  appearance  of  comets  can  be 
predicted. 

Procedure 

Probably  none  of  the  children  will  have  seen 
comets,  but  some  may  have  heard  of  them.  To 
start  the  problem,  ask  the  pupils  to  tell  what 
they  know  about  comets.  Then  have  them  read 
pages  205  and  206  and  study  the  pictures  to  see 
what  a comet  looks  like  and  how  it  travels. 
The  problem  may  be  concluded  by  letting  the 
pupils  discuss  the  question,  “Why  do  you  sup- 
pose people  are  no  longer  afraid  when  a comet 
appears?”  Bring  out  the  value  of  the  work  of 
astronomers,  the  people  who  study  the  stars  and 
other  objects  in  the  sky.  Pupils  should  realize 
that  years  of  time  and  energy  have  been  spent 
to  determine  the  facts  of  science  and  that  peo- 
ple are  no  longer  afraid  of  these  happenings 
when  they  learn  that  the  causes  are  natural. 

Questions  (Page  206) 

1.  Different:  A planet  is  round  and  travels  in 
an  orbit  that  is  nearly  a circle,  while  a comet 
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has  a head  and  usually  a tail  and  travels  in  a 
long,  oval  orbit.  Ali\e:  Both  reflect  the  sun’s 
light;  both  travel  around  the  sun  regularly,  and 
so  scientists  can  predict  when  they  will  be 
visible. 

2.  It  must  be  near  both  the  earth  and  sun. 

3.  Yes.  They  travel  around  our  sun. 

4.  Away  from  the  sun. 

5.  Yes.  He  observed  very  carefully,  figured 
out  what  had  happened,  and  then  made  a pre- 
diction that  helped  prove  his  thinking  correct. 

What  causes  an  eclipse? 

(Pages  207-210) 

Concepts 

1.  An  eclipse  of  the  sun  is  caused  by  the 
moon  passing  between  the  earth  and  the  sun. 

2.  An  eclipse  of  the  moon  is  caused  by  the 
earth  passing  between  the  moon  and  the  sun. 

Experiments 

Page  207 : To  show  how  the  moon  can  cause 
an  eclipse  of  the  sun. 

Materials  : Penny,  half  dollar. 

Page  208:  To  show  why  there  is  not  an 
eclipse  every  time  the  moon  passes  between  the 
sun  and  the  earth. 

Materials  : Penny,  half  dpllar. 

Information  for  the  teacher 

Pictures.  Page  208.  Bottom  left,  total  eclipse 
of  the  sun.  The  mist  of  silvery  white  light 
around  the  sun  during  an  eclipse  is  called  the 
corona.  During  a total  eclipse  the  prominences 
can  be  seen.  These  are  great  jets  of  hot  gases 
coming  from  the  surface  of  the  sun.  With  an 
instrument  that  has  been  recently  developed, 
the  prominences  can  be  photographed  without 
waiting  for  a total  eclipse.  These  photographs 
help  scientists  determine  what  gases  make  up 
the  sun.  Bottom  right , partial  eclipse  of  the  sun. 

Page  209.  Bottom,  eclipse  of  the  moon. 

Text.  An  almanac  such  as  the  World  Al- 
manac tells  when  eclipses  will  occur  and  where 
they  will  be  visible.  Possibly  an  eclipse  may 
occur  where  it  can  be  seen  by  the  class.  News- 


papers usually  carry  articles  about  eclipses  just 
before  they  occur. 

Procedure 

Have  the  pupils  recall  the  story  of  Columbus 
and  the  eclipse  of  the  moon.  Be  sure  that  the 
children  understand  the  meaning  of  the  word 
eclipse.  Ask  them  whether  there  may  be  other 
eclipses  than  those  of  the  moon.  Bring  out  the 
fact  that  there  are  eclipses  of  the  sun  also. 
The  children  may  have  had  experiences  with 
eclipses.  Let  them  tell  about  their  experiences 
or  what  they  learned  from  talking  with  people 
who  have  seen  an  eclipse.  Then  ask  the  pupils 
to  give  their  ideas  of  what  causes  an  eclipse. 
Write  a list  of  these  ideas  on  the  board. 

Now  have  the  children  read  pages  207-210, 
do  the  experiments  on  pages  207  and  208,  and 
study  the  pictures  to  find  out  how  eclipses  are 
caused.  Ask  such  questions  as  “What  hides  the 
sun  (or  moon)  ?”  “Can  the  eclipse  be  seen  from 
all  parts  of  the  earth?” 

To  make  sure  that  the  children  understand 
the  two  kinds  of  eclipses,  have  them  make 
diagrams  on  the  board  to  show  the  relative 
positions  of  the  sun,  moon,  and  earth  at  the 
time  of  an  eclipse  of  the  sun  and  at  the  time  of 
an  eclipse  of  the  moon.  Then  let  the  pupils 
compare  what  they  have  learned  about  eclipses 
with  the  ideas  written  on  the  board  at  the  be- 
ginning of  the  problem.  For  additional  activi- 
ties, see  Things  to  Do,  page  213,  Nos.  1 and  6. 

Questions  (Page  210) 

1.  The  moon  comes  directly  between  the 
earth  and  the  sun. 

2.  The  moon  is  nearer;  so  it  looks  larger. 

3.  A great,  silvery  white  mist  around  it. 

4.  The  shadow  of  the  earth.  That  the  earth 
is  round. 

What  is  beyond  the  solar  system? 
(Pages  210-212) 

Concepts 

1.  Distances  between  the  stars  are  so  vast 
that  scientists  measure  them  in  light-years. 
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2.  A light-year  is  the  distance  that  light 
travels  in  one  year. 

3.  All  stars  are  millions  of  miles  apart. 

4.  There  are  billions  of  stars  in  the  universe. 

Procedure 

This  problem  is  aimed  primarily  at  giving 
the  pupils  an  idea  of  the  vastness  of  the  uni- 
verse. Have  them  begin  by  looking  at  the  star 
maps  on  pages  210  and  211.  They  should  notice 
that  certain  stars  are  labelled  with  different 
numbers  of  light-years.  (Pupils  may  recall  these 
stars  from  the  study  of  the  constellations  in 
Discovering  Our  World,  Boo\  One,  Unit  5.) 
Then  let  the  children  read  text  down  to  the 
first  paragraph  on  page  212  to  learn  the  mean- 
ing of  light-year.  Have  them  figure  out  how 
much  farther  away  from  the  earth  Betelgeuse 
and  Rigel  are  than  Sirius  is.  This  will  help  them 
understand  that  Betelgeuse  and  Rigel  must  be 
large  and  bright  stars  to  be  seen  as  clearly  as 
Sirius  when  they  are  so  much  farther  away. 

Now  have  the  children  read  the  rest  of  the 
problem  and  discuss  the  ideas  of  space  pre- 
sented there.  To  summarize  the  problem,  have 
the  class  make  a list  of  the  facts  that  seem  most 
startling  to  them.  The  list  will  impress  on  them 
the  fact  that  the  universe  is  extremely  vast. 
See  also  Things  to  Do,  page  213,  No.  5. 

Questions  (Page  212) 

1.  The  distance  light  travels  in  one  year,  or 
nearly  six  trillion  miles.  All  other  units  of  meas- 
urement are  too  small;  it  would  take  too  many 
units  to  measure  such  great  distances. 

2.  Thirty  trillion  miles,  or  about  5 light-years. 

3.  500  years. 

4.  The  billions  of  stars  in  the  universe. 

Questions  to  answer  (Page  213) 

1.  Should  include  sun,  earth  and  other  plan- 
ets, their  moons,  comets,  stars,  and  galaxies. 

2.  Earth,  Sun,  a comet,  Pluto,  Saturn,  Moon. 

3.  Other  planets  travel  in  their  own  orbits 
in  the  same  direction  around  the  sun.  A comet’s 
tail  is  so  thin  it  can  cause  no  harm. 


4.  The  things  in  the  universe  are  so  very  far 
away  that  even  our  best  telescopes  cannot  show 
scientists  all  that  they  want  to  know. 

5.  (a),  (c),  (d),  (/),  (*)._ 

6.  Moon,  Venus,  Sun,  Sirius,  Arcturus,  Be- 
telgeuse, Rigel. 

7.  The  third  column  of  the  table  on  page 
203.  (The  distances  in  inches  will  be  the  same 
as  the  figures  in  the  column.)  Probably  not, 
because  Pluto  would  be  3675  inches  away  or 
30614  feet  (slightly  longer  than  a regulation 
football  field). 

Things  to  do  (Page  213) 

1.  Most  almanacs  give  eclipses  for  the  year. 

2.  See  table  on  page  203.  Since  Mars’  speed 
is  slower  than  the  earth’s  and  it  is  farther  from 
the  sun,  the  earth  will  make  1.88  trips  around 
the  sun  while  Mars  makes  one.  When  the  earth 
passes  Mars  (they  will  both  be  on  the  same 
side  of  the  sun),  they  are  closest.  When  they 
are  on  opposite  sides  of  the  sun,  they  will  be 
farthest  apart. 

3.  The  planetarium  is  an  optical  instrument 
by  which  images  of  the  sun,  moon,  planets,  and 
stars  are  projected  on  a large  dome.  There  are 
planetariums  in  Chicago,  Los  Angeles,  Phila- 
delphia, New  York,  Pittsburgh,  Springfield 
(Massachusetts). 

4.  See  Nature  Magazine  or  Junior  Natural 
History.  Refer  to  the  pictures  on  pages  200  and 
201.  Drawings  will  show  differences  in  the  way 
in  which  planets  and  stars  move  across  the  sky. 

5.  See  almanacs  and  encyclopedias.  Some 
large  telescopes  are  at:  Yerkes  Observatory, 
Williams  Bay,  Wisconsin;  Lick  Observatory, 
Mount  Hamilton,  California;  University  of 
Pittsburgh;  U.S.  Naval  Observatory,  Washing- 
ton, D.C.;  Dunlap  Observatory,  Richmond 
Hill  (near  Toronto,  Ontario) ; University  of 
Western  Ontario,  London;  Mt.  Wilson, 
California;  Lowell  Observatory,  Flagstaff,  Ari- 
zona; Mt.  Palomar,  California. 

6.  See  an  almanac.  Look  through  a piece  of 
smoked  glass  or  an  exposed  film  to  watch  the 
sun. 
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UNIT 


How  Do  Airplanes  Fly? 


Purpose  and  scope 

In  recent  years,  Canada  has  become  air  con- 
scious. This  is  particularly  true  of  the  younger 
generation.  Boys  and  girls  want  to  know  how 
an  airplane  is  built,  how  it  can  stay  up  in  the 
air,  and  how  it  can  be  controlled.  Although 
some  children  in  the  class  may  have  been  up 
in  planes,  many  others  probably  have  not.  They 
want  to  know  what  an  airplane  trip  is  like. 
This  unit  answers  these  questions  and  many 
others.  As  new  concepts  are  developed,  many 
concepts  taught  earlier  in  the  series  are  re-used 
and  extended. 

Science  background 

Loo\  and  Learn : Unit  2,  Machines;  Unit  3, 
Days  and  Days 

All  Around  Us:  Unit  2,  Getting  Work  Done; 
Unit  3,  Sun,  Wind,  and  Weather 

How  Do  We  Know?:  Unit  4,  Wheels  and 
Levers 

Discovering  Our  World,  Boo\  One:  Unit  2, 
Why  Do  All  Living  Things  Need  Air  and 
Water?  Unit  6,  What  Can  Magnets  Do? 

Discovering  Our  World,  Boo\  Two:  Unit  2, 
What  Makes  Things  Move?  Unit  3,  How  Is 
Our  Work  Made  Easier?  Unit  4,  How  Do 
Heating  and  Cooling  Change  Materials? 

Discovering  Our  World,  Boo\  Three:  Unit 
2,  Why  Does  the  Weather  Change?  Unit  5, 
How  Do  We  Use  Electric  Current? 

General  concepts 

1.  An  airplane  always  weighs  more  than  air. 

2.  There  are  different  kinds  of  planes. 

3.  To  get  an  airplane  into  the  air  and  keep 
it  there,  the  upward  force  must  be  equal  to  or 
greater  than  the  downward  pull  of  gravity. 

4.  Airplanes  are  built  so  that  the  force  of  the 
air  upward  on  the  wings  is  greater  than  the 
downward  force  of  air  above  the  wings  when 
the  plane  is  in  motion. 


5.  A propeller  drives  a plane  forward  by 
pushing  back  on  the  air. 

6.  Instruments  tell  the  pilot  the  air  speed, 
height,  direction,  etc.,  of  the  plane. 

7.  The  direction  of  an  airplane  is  controlled 
by  certain  parts  that  the  pilot  can  move. 

8.  The  energy  to  drive  planes  is  supplied  by 
gasoline  engines  or  jet  propulsion. 

9.  Airplanes  carry  millions  of  people  and 
tons  of  freight  every  year. 

10.  Air  lines  use  various  ways  to  make  flying 
safer. 

Introducing  the  unit  (Pages  215-216) 

Information  for  the  teacher 

Picture.  Page  214.  A four-engine  Boeing 
Stratocruiser  flying  over  New  York  City. 

Text.  Much  valuable  help  in  the  teaching 
of  a unit  on  airplanes  is  made  available  to 
teachers  by  the  large  air  lines.  The  Public 
Relations  Department  of  Trans-Canada  Air 
Lines,  International  Aviation  Building,  Mont- 
real, has  prepared  a number  of  materials  use- 
ful for  teaching  some  parts  of  this  unit.  These 
materials  include  air  route  maps  of  Canada, 
a passenger’s  handbook  called  Facts  About 
Flying,  and  a booklet  entitled  T he  Inside  Story 
of  the  Viscount. 

The  Air  Cadet  League  of  Canada,  425  Met- 
calfe Street,  Ottawa,  also  supplies  useful 
materials  on  airplanes. 

Information  on  airplanes  and  air  travel  is 
available  from  the  following  sources  in  the 
United  States: 

United  Air  Lines,  Inc.,  Department  of 
School  and  College  Service,  35  East  Monroe 
Street,  Chicago  3,  Illinois,  U.S.A. 

Trans  World  Airlines,  37  South  Wabash 
Avenue,  Chicago  3,  Illinois,  U.S.A. 

Director  of  Advertising,  American  Airlines, 
Inc.,  100  Park  Avenue,  New  York  17,  New 
York,  U.S.A. 
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The  Educational  Director,  Pan  American 
Airways  System,  28-19  Bridge  Plaza  North, 
Long  Island  City,  New  York,  U.S.A. 

Other  information  on  airplanes,  air  routes, 
and  instruments  may  be  obtained  from  the 
Civil  Aeronautics  Administration,  United 
States  Department  of  Commerce,  Fourteenth 
Street  between  Constitution  Avenue  and  E 
Street,  N.W.,  Washington  25,  D.C.,  U.S.A. 

Procedure 

Pupils  already  have  a great  deal  of  informa- 
tion about  airplanes.  Many  of  them  have  built 
model  planes  or  working  models  that  can  fly. 
Still  others  have  taken  trips  in  planes.  They  are 
familiar  with  speed  records  and  distance  rec- 
ords. To  introduce  the  unit,  many  kinds  of 
questions  can  be  raised  and  discussed  before 
the  pupils  are  referred  to  the  book.  For  exam- 
ple, do  you  think  that  airplanes  will  ever  re- 
place passenger  trains?  Why  or  why  not? 
What  are  the  advantages  of  air  travel  over  land 
travel  ? What  are  the  disadvantages  ? What 
uses  can  be  made  of  planes  that  are  not  pos- 
sible with  other  kinds  of  transportation?  How 
many  times  faster  has  a plane  travelled  than 
an  automobile?  A locomotive?  A ship?  In 
what  ways  is  an  airplane  different  from  a bal- 
loon? From  a dirigible?  What  new  kinds  of 
planes  are  being  used  ? How  is  steering  a plane 
different  from  steering  an  automobile? 

The  introductory  section  is  focused  mainly 
on  a discussion  of  the  uses  of  airplanes.  Before 
referring  the  pupils  to  the  text,  have  them  list 
as  many  uses  of  airplanes  as  they  can.  Write 
these  on  the  board.  Have  them  read  pages  215- 
216  to  find  additional  uses.  Leave  the  list  on  the 
board  and  ask  the  pupils  to  try  to  find  still 
other  uses. 

What  are  the  different  kinds  of 
airplanes?  (Pages  216-218) 

Concepts 

1.  An  airplane  always  weighs  more  than  air. 

2.  Most  airplanes  have  an  engine  that  turns 
a propeller,  wings,  fuselage,  and  landing  gear. 


3.  There  are  different  kinds  of  planes. 

a)  Seaplanes  are  airplanes  that  take  off 
and  come  down  on  water. 

b ) Amphibian  planes  can  take  off  and 
come  down  on  either  land  or  water. 

c ) A glider  has  no  engine  or  propeller; 
some  way  must  be  provided  to  get  it  into  the 
air. 

d)  A helicopter  has  no  wings  but  has  ro- 
tating blades  on  top  of  the  fuselage;  it  can  go 
straight  up  or  come  straight  down  and  fly 
backward,  forward,  or  sideways;  it  can  even 
stand  still  in  the  air. 

Procedure 

The  children  should  learn  the  names  of  the 
different  parts  of  a plane,  since  these  are  con- 
stantly used  in  descriptions  of  planes  and  their 
operation.  To  introduce  the  problem,  let  the 
pupils  read  the  text  and  examine  the  pictures 
on  pages  216,  217,  218,  and  219.  Then  have  the 
children  bring  pictures  of  various  kinds  of 
planes  to  class,  as  suggested  in  Things  to  Do , 
page  239,  No.  1.  They  should  mount  the  pic- 
tures on  cardboard.  Hold  up  each  picture  and 
have  the  children  decide  whether  the  plane  is 
a monoplane  or  a biplane,  glider  or  helicopter, 
a land  plane,  amphibian  plane,  or  a sea  plane. 
Pictures  of  different  kinds  of  planes  can  also 
be  placed  on  the  bulletin  board.  Have  the  chil- 
dren identify  and  label  the  different  parts  of 
the  plane,  as  shown  in  the  picture  on  page  216. 
Some  planes  shown  in  flight  have  no  landing 
gear  visible  because  they  are  built  with  wheels 
that  can  be  pulled  up  after  the  plane  leaves  the 
ground.  These  are,  of  course,  either  land  planes 
or  amphibians. 

Questions  (Page  218) 

1.  So  they  can  take  off  or  land  on  ground, 
water,  or  snow  and  ice. 

2.  Fuselage.  Nose.  Tail. 

3.  Having  one  pair  of  wings.  Having  two 
pairs  of  wings.  Monoplane. 

4.  It  has  no  wings,  no  propeller  on  the  nose 
but  a set  of  rotating  blades  above  the  fuselage 
and  a small  propeller  on  the  tail.  Not  only  can 
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it  fly  forward,  but  it  flies  backward,  sideways, 
straight  up  and  down,  or  even  stands  still  in 
the  air. 

How  is  an  airplane  kept  up  in  the  air? 
(Pages  219-224) 

Concepts 

1.  The  Wright  brothers’  airplane  was  the 
first  successful  plane  because  they  had  invented 
a better  set  of  controls. 

2.  To  get  an  airplane  into  the  air  and  keep 
it  there,  the  upward  force  must  be  equal  to  or 
greater  than  the  downward  pull  of  gravity. 

3.  Airplanes  are  built  so  that  the  force  of 
air  upward  on  the  wings  is  greater  than  the 
downward  force  of  air  above  the  wings  when 
the  plane  is  in  motion. 

a)  Air  pushes  in  all  directions — down- 
ward, upward,  and  sideways. 

b ) The  force  of  air  moving  against  the 
slanting  wings  of  the  plane  helps  overcome 
the  force  of  gravity. 

c ) The  force  of  the  air  down  on  the 
wings  is  less  than  the  force  of  the  air  up  on 
the  wings;  this  helps  overcome  the  force  of 
gravity. 

d ) The  force  of  air  is  less  when  air  is 
moving  fast. 

e ) The  wing  is  curved  so  that  the  air 
moves  faster  over  the  top  of  the  wing  than 
over  the  bottom  of  the  wing. 

4.  The  upward  force  of  air  on  the  wings  is 
called  the  lift. 

5.  The  propeller  drives  the  plane  forward  by 
pushing  back  on  the  air. 

Experiments 

Pages  220-221:  To  show  that  air  pushes  up- 
ward as  well  as  downward. 

Materials:  Glass  tube,  glass  of  water,  piece 
of  smooth  cardboard. 

Page  222:  To  show  that  when  air  moves 
faster  over  the  top  of  a surface  than  under  it, 
the  force  of  the  air  is  greater  up  than  down. 

Materials:  Two  strips  of  paper  one  inch 
wide  and  ten  inches  long. 
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Pages  223-224:  To  show  that  air  can  lift  some- 
thing when  it  pushes  up. 

Materials:  Glass  U-tube,  water. 

Procedure 

The  concepts  should  be  developed  in  the 
order  given  in  the  list  above.  A proper  under- 
standing of  these  concepts  is  essential  to  the 
solution  of  the  problem.  To  begin  the  unit, 
have  the  children  read  and  discuss  the  text 
down  to  the  end  of  the  second  whole  para- 
graph of  the  first  column  on  page  220. 

Before  the  pupils  read  the  explanation  that 
starts  at  the  bottom  of  the  first  column  on  page 
220,  ask  some  questions  about  gravity  such  as: 
“What  happens  if  you  let  go  of  a stone  you  are 
holding  in  your  hand?”  “Why?”  “If  you  throw 
a ball  in  the  air,  what  will  happen?”  “Why?” 
“What  do  you  have  to  do  to  throw  the  ball 
higher  in  the  air?”  “Why  does  the  ball  not 
keep  right  on  going  up  ?”  “What  makes  it  come 
back  to  the  earth?”  “If  you  lift  a bucket  of 
water  off  the  ground,  what  do  you  have  to  do?” 
“Why  do  you  have  to  use  force  to  lift  the 
bucket?”  “Why  do  you  think  that  an  airplane 
must  have  an  engine?”  “What  happens  if  the 
engine  stops  running?”  “How  do  you  think  an 
airplane  is  able  to  stay  in  the  air?”  (You  will, 
of  course,  not  get  a complete  answer  at  this 
point.  It  is  desirable  to  have  the  pupils  antici- 
pate the  explanation.  The  questions  you  have 
raised  will  lead  them  to  see  what  the  problem 
is.) 

Now  raise  the  question,  “Do  you  think  that 
an  airplane  could  fly  if  there  were  no  air?” 
Boys  will  probably  answer,  “It  could  not  fly; 
air  is  necessary.”  Then  say,  “Before  we  can  find 
out  how  the  air  helps  an  airplane  fly,  we  will 
need  some  facts  about  air.”  Next  have  pupils 
read  from  the  bottom  of  column  one  to  the 
experiment  in  the  last  paragraph  on  page  220. 
Ask,  “What  facts  about  air  are  given?”  List 
these  on  the  board.  Then  have  the  children  read 
and  do  the  experiment  and  answer  the  ques- 
tions. Ask  “What  does  the  experiment  show?” 
Write  on  the  board  the  fact  “Air  pushes  up- 
ward as  well  as  downward.”  Then  do  the  ex- 


periment  with  the  glass  and  cardboard.  Empha- 
size that  the  bottom  of  the  glass  cuts  off  the 
force  of  the  air  so  that  it  does  not  press  down 
on  the  water  inside  the  glass. 

To  show  how  the  moving  air  lifts  a kite,  you 
can  make  a small  kite  and  hold  it  in  front  of 
an  electric  fan.  If  the  face  of  the  kite  is  held 
straight  up  and  down,  the  air  will  simply  move 
it  backward.  If  the  face  of  the  kite  is  held  at 
a slant,  the  kite  will  move  upward. 

In  doing  the  experiment  in  which  you  blow 
over  the  top  of  the  strip  of  paper  held  to  the 
lips,  be  sure  that  the  children  see  the  forces 
that  are  acting.  Make  a drawing  on  the  board 
like  the  one  shown  in  the  picture.  Ask,  “What 
pulls  the  paper  down?”  Then  draw  an  arrow 
down  from  the  lower  part  of  the  paper  and 
label  it  “Gravity  is  pulling  down.”  Ask,  “Is  air 
pushing  up  on  the  paper?  Is  air  pushing  down 
on  the  paper?”  Draw  arrows  showing  air  push- 
ing up  and  also  air  pushing  down.  Then  let  the 
pupils  do  the  experiment.  Get  the  children  to 
see  that  the  force  of  gravity  is  still  the  same 
but  that  the  force  of  the  air  pushing  up  must  be 
greater  than  the  force  of  the  air  pushing  down. 
Then  ask,  “Did  the  air  move  faster  over  the 
bottom  of  the  paper  or  over  the  top  of  the 
paper?”  “When  air  moves  faster,  does  it  push 
harder  or  not  as  hard  on  the  paper?”  “How  do 
you  know?”  List  the  facts  on  the  board. 

The  next  experiment  with  the  two  strips  of 
paper  verifies  the  conclusion  that  the  air  has 
less  force  down  on  the  top  of  the  paper  than  it 
does  up  on  the  paper,  because  the  air  is  moving 
faster.  Children  will  naturally  believe  that  blow- 
ing between  the  two  strips  will  force  the  strips 
farther  apart.  Before  they  do  the  experiment, 
ask  them,  “What  do  you  think  will  happen?” 
“If  the  papers  move  farther  apart,  what  will 
this  show?” 

Now  refer  them  to  the  picture  of  the  wing 
on  page  222.  Raise  questions  such  as,  “What  is 
the  shape  of  the  wing?”  “Does  the  air  travel- 
ling over  the  wing  go  faster,  slower,  or  at  the 
same  speed  as  the  air  under  the  wing?”  “What 
effect  will  this  have  on  the  force  of  the  air 
down  on  the  wing?”  “Will  there  be  more  force 


up  on  the  wing  or  down  on  the  wing?”  “Why 
does  the  plane  stay  in  the  air?”  List  the  facts 
on  the  board.  Pupils  can  now  understand  why 
an  airplane  must  be  moving  to  stay  in  the  air. 
There  will  be  no  upward  force  on  the  wings 
unless  the  air  is  rushing  over  and  under  the 
wings.  Let  the  pupils  read  the  first  three  para- 
graphs and  the  summary  on  page  223  to  check 
their  conclusions. 

The  children  are  now  ready  to  do  the  experi- 
ment with  the  U-tube  described  on  page  223 
and  pictured  on  page  224.  This  shows  that  air 
can  lift  something  when  it  pushes  up.  Now  let 
the  pupils  read  and  discuss  the  rest  of  the 
problem.  For  additional  activities,  see  Things 
to  Do,  page  239,  Nos.  4,  5,  7,  9,  11,  and  14. 

Questions  (Page  224) 

1.  Answers  will  vary. 

2.  The  plane  was  light;  the  gasoline  engine 
gave  enough  power  without  too  much  weight; 
and  most  important  of  all,  the  controls  were 
better. 

3.  The  wing  is  slanted  so  that  the  air  rushes 
against  the  underside  of  the  wing  when  the 
plane  is  moving  and  pushes  upward.  The  wing 
is  shaped  so  that  air  must  move  faster  over  the 
curved  top  than  the  underside;  this  makes  the 
force  less  on  top.  By  increasing  force  underneath 
and  decreasing  force  on  top,  the  lift  becomes 
greater  than  the  weight  of  the  plane.  See  the 
picture  on  page  222. 

4.  It  pushes  back  on  the  air,  driving  the 
plane  forward  fast  enough  to  keep  it  up  in  the 
air. 

5.  Air  rushing  against  the  slanting  underside 
of  the  wings;  air  rushing  over  the  curved  top 
of  the  wings.  Second  way. 

How  is  an  airplane  controlled? 

(Pages  225-228) 

Concepts 

1.  Instruments  tell  the  pilot  the  height,  the 
air  speed,  the  direction,  etc.,  of  the  plane. 

2.  The  direction  of  an  airplane  is  controlled 
by  certain  parts  that  the  pilot  can  move. 
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a)  Moving  the  rudder  turns  the  plane  to 
the  right  or  left. 

b ) Moving  the  elevator  makes  the  nose  of 
the  plane  point  up  or  down. 

c ) Moving  the  ailerons  makes  the  plane 
tilt  sideways  to  the  left  or  right. 

3.  The  speed  of  an  airplane  engine  is  con- 
trolled by  the  throttle. 

Observation 

Pages  226-227:  To  observe  the  parts  that  con- 
trol an  airplane. 

Material:  Small  model  airplane  or  toy 
glider. 

Procedure 

To  start  the  problem,  have  the  pupils  read 
and  discuss  page  225.  They  should  also  ex- 
amine the  picture  on  that  page.  Probably  the 
best  way  for  the  pupils  to  learn  how  the  con- 
trols of  an  airplane  work  is  to  have  the  pupils 
make  a table  on  the  board  which  shows  how 
the  plane  moves  when  the  rudder,  elevator,  and 
ailerons  are  moved.  A model  airplane  can  be 
made  from  cardboard.  Cut  out  the  movable 
parts  and  fasten  them  with  scotch  tape  so  that 
they  can  be  moved. 

Now  have  pupils  read  the  paragraph  on  page 
226  dealing  with  the  rudder.  They  should  also 
examine  the  pictures  at  the  top  of  the  page  and 
move  the  rudder  on  the  plane.  Show  them  what 
happens  to  the  nose  of  the  plane  when  the  rud- 
der is  moved  to  the  right  or  left.  Then  have 
pupils  tell  what  to  write  on  the  board.  Be 
sure  that  the  children  understand  why  the  air- 
plane will  move  in  a certain  direction.  Guiding 
a plane  is  merely  a matter  of  arranging  the  con- 
trols so  that  the  wind  will  strike  the  surfaces 
in  a certain  way.  Carry  on  the  same  procedure 
with  the  elevator  and  ailerons. 

To  show  what  happens  when  the  plane 
leaves  the  ground  for  a short  flight  and  then 
jreturns,  have  some  pupil  demonstrate  with  the 
cardboard  plane.  In  other  words,  at  the  take-off 
the  elevator  is  lowered  (have  pupil  lower  the 
elevator),  the  tail  is  lifted  off  the  ground  (have 
pupil  do  this) , and  so  on  for  the  flight  described 
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on  pages  227-228.  The  pupils  should  then  read 
and  discuss  the  rest  of  the  problem.  For  addi- 
tional activities,  see  Things  to  Do,  page  239, 
Nos.  2 and  3. 

Questions  (Page  228) 

1.  It  can  go  up  and  down  or  tilt  sideways 
as  well  as  go  forward  and  to  the  right  or  left. 

2.  List  may  include:  Taxi  to  the  end  of  the 
runway;  push  rudder  to  turn  into  the  wind; 
open  the  throttle;  push  stick  forward  to  lift 
the  tail;  watch  air  speed;  slowly  pull  stick  back 
to  take  off.  For  a landing:  circle  field  to  line  up 
a runway  into  the  wind;  push  forward  on  stick 
to  point  nose  down  while  gliding  toward  end 
of  runway;  when  near  the  ground,  pull  back 
on  stick  to  lower  tail;  close  throttle. 

3.  Wind  rushing  past  wings  gives  extra  lift. 

4.  The  two  landing  wheels  and  the  tail  touch 
ground  at  the  same  time. 

5.  T achometer  shows  how  fast  the  engine  is 
turning.  Altimeter  shows  how  high  above  the 
earth  the  plane  is  flying.  Rudder  is  used  to 
make  the  plane  turn  right  or  left.  Stic\  controls 
elevator  and  ailerons.  Elevator  raises  or  lowers 
tail  to  make  nose  point  up  or  down.  Fin  helps 
keep  plane  flying  straight.  Compass  shows  di- 
rection of  flight.  Air-speed  indicator  shows  how 
fast  plane  is  travelling  through  the  air.  Stabi- 
lizer helps  keep  the  plane  flying  level.  Ailerons 
are  used  to  raise  or  lower  each  wing  to  make 
the  plane  tilt  sideways.  Throttle  controls  flow 
of  gasoline  into  engine. 

What  kinds  of  engines  drive  airplanes? 
(Pages  229-231) 

Concepts 

1.  There  are  various  kinds  of  gasoline  en- 
gines used  in  airplanes  today. 

a)  The  in-line  engine  has  its  cylinders  in 

a straight  line  with  the  propeller  shaft. 

b)  The  radial  engine  has  its  cylinders  ar- 
ranged around  the  propeller  shaft  like  the 

spokes  of  a wheel. 

2.  A pump  called  a supercharger  is  used  to 
get  more  oxygen  into  the  cylinders  of  an  engine 


when  the  plane  is  high  above  the  earth  where 
the  air  is  thin. 

3.  Jet  propulsion  drives  a plane  forward  by 
the  backward  rush  of  expanding  air. 

Experiment 

Page  231 : To  show  how  a backward  rush  of 
gas  can  drive  something  forward. 

Material:  Toy  balloon. 

Procedure 

Have  the  pupils  recall  some  of  their  expe- 
riences with  the  gasoline  engine  of  an  automo- 
bile. Discovering  Our  World , Boo\  Two , page 
62,  has  a picture  of  the  engine  in  an  automobile. 
Show  the  children  this  picture  and  point  out 
that  the  up-and-down  motions  of  the  pistons 
(the  parts  that  move  up  and  down  inside  the 
cylinders)  make  the  shaft  connected  to  them 
move  round  and  round.  This  same  process 
takes  place  when  an  in-line  or  radial  engine 
turns  a propeller.  Review  the  facts  that  the 
liquid  gasoline  is  mixed  with  air  and  changes 
to  a gas,  that  the  mixture  of  gas  and  air  goes 
into  the  cylinder  of  the  engine,  that  a spark 
explodes  the  mixture,  and  that  the  force  of  the 
explosion  moves  the  piston  in  the  cylinder. 

Now  have  the  children  read  down  to  the  last 
paragraph  on  page  230  and  examine  the  pic- 
tures on  that  page.  After  discussing  the  text, 
they  should  do  the  experiment  on  page  231  and 
read  to  the  end  of  the  problem.  Things  to  Do , 
page  239,  No.  10,  suggests  an  additional  activity. 

Questions  (Page  231) 

1.  It  had  to  be  both  powerful  and  not  too 
heavy. 

2.  Different:  An  in-line  engine  has  cylinders 
placed  in  a straight  line  with  the  shaft  and 
cooled  by  a liquid.  A radial  engine  has  cylinders 
placed  in  a circle  around  the  shaft  and  cooled 
by  air  rushing  past.  Alike:  Both  use  gasoline 
and  may  have  more  than  one  row  of  cylinders. 

3.  Superchargers  press  thin  air  together  and 
force  it  into  an  engine.  When  a plane  flies 
high  above  the  earth  where  air  is  thin,  it  needs 
extra  oxygen  to  burn  the  gasoline  completely. 


4.  No.  Jet-propelled  planes  are  driven  by  the 
backward  rush  of  hot,  expanding  gases. 

What  is  an  airplane  trip  like? 

(Pages  232-238) 

Concepts 

1.  Airplanes  carry  millions  of  people  and 
tons  of  freight  every  year. 

2.  Air  lines  use  various  ways  to  make  flying 
safer. 

a)  Controllers  or  dispatchers  in  the  con- 
trol tower  of  the  airport  give  the  signal  when 
the  runways  are  all  clear  for  taking  off  and 
landing. 

b ) De-icers  remove  the  ice  from  the  wings 
and  other  parts  of  the  plane. 

c ) Beacons  tell  the  pilot  where  he  is  and 
mark  obstructions. 

d ) The  radio  beam  guides  the  pilot  when 
clouds  or  fog  hide  beacons  or  other  lights. 

Procedure 

This  problem  gives  the  children  an  idea  of 
what  happens  on  an  airplane  trip.  If  some  child 
has  taken  a trip  in  a plane,  ask  him  to  tell  his 
experiences.  After  discussion,  the  children 
should  read  the  story  to  find  out  what  an  air- 
plane trip  is  like.  The  whole  story  should  be 
read  before  any  questions  are  asked,  because 
the  aim  is  a bird’s-eye  view  of  an  airplane  trip. 
The  questions  at  the  end  of  the  problem  pro- 
vide a guide  for  the  discussion.  Children  can 
also  be  asked  to  tell  how  an  airplane  trip  is 
different  from  a train  trip.  This  will  help  bring 
out  the  precautions  that  are  necessary  for  safe 
travel  by  plane.  For  additional  activities,  see 
Things  to  Do,  page  239,  Nos.  6,  8,  12,  and  13. 

Questions  (Page  238) 

1.  List  may  include:  handling  of  passengers 
(checking  tickets,  weighing  luggage,  checking 
safety  belts,  etc.) ; loading  the  plane  (baggage, 
mail,  and  food) ; preparing  the  plane  (a  check 
by  mechanics,  fueling) ; and  pilot  duties  (read- 
ing all  weather  reports,  filing  flight  plan,  check- 
ing wind,  contacting  control  tower,  etc.). 
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2.  Because  bad  weather  is  a great  danger  to 
flying;  direction  and  speed  of  wind  may  deter- 
mine at  what  height  plane  is  to  be  flown; 
weather  often  changes  very  suddenly. 

3.  Safety:  mechanics  keep  planes  in  good 
working  order;  pilots  must  have  good  health 
and  a great  deal  of  training  and  experience; 
latest  weather  reports  are  given  to  the  pilot; 
the  controller  prevents  accidents  at  the  airport; 
constant  radio  contact  is  kept  with  ground 
stations;  planes  are  equipped  with  automatic 
pilots,  de-icers,  lights,  etc.;  and  on  the  ground, 
there  are  such  aids  as  wind  tees,  beacons,  radio 
signals,  etc. 

Comfort:  comfortable  seats  with  safety  belts; 
hostess  to  serve  food  and  care  for  passengers; 
water  for  drinking  and  washing  is  supplied; 
superchargers  pump  warm  air  into  the  cabin 
during  flight  in  cold  air;  air-conditioning  units 
make  air  comfortable  when  plane  is  on  the 
ground. 

4.  Answers  will  vary,  but  may  be  similar  to 
the  following:  Wind-direction  indicator  shows 
the  direction  of  the  wind  over  the  ground;  may 
be  a wind  sock  or  wind  tee.  Dispatcher  or  con- 
troller helps  prevent  accidents  by  directing  air- 
port traffic;  instructs  pilots  by  radio.  Drag  is  the 
backward  push  of  air  on  a plane  in  flight. 
Light  beacon , one  revolving  light  and  two  fixed 
lights  mounted  on  a tower,  marks  an  airway 
by  flashing  light  signals  to  pilots;  may  also 
mark  mountains  or  other  obstructions.  Radio 
beam  is  a steady  hum  a pilot  hears  when  flying 
on  course.  Wing  flaps  can  be  lowered  to  give  a 
plane  extra  lift  when  taking  off  or  to  slow  it 
down  when  landing.  Control  tower  is  the 
glassed-in  tower  at  an  airport  from  which  the 
controller  can  see  all  runways.  Head  wind  is  a 
wind  blowing  from  the  direction  in  which 
a plane  is  heading.  Tail  wind  is  a wind  blowing 
in  the  same  direction  a plane  is  flying.  De-icer 
is  a rubber  instrument  on  the  front  edge  of  a 
wing  or  tail  into  which  air  can  be  pumped  to 
make  it  bulge  and  break  up  ice.  Running  lights 
on  a plane  are  red,  green,  and  white  lights 
which  are  turned  on  at  night  to  prevent  acci- 
dents in  the  dark. 


Questions  to  answer  (Page  238) 

1.  Airplanes  are  faster,  carry  more  weight, 
can  be  steered,  etc. 

2.  See  drawing,  page  216.  Tail  keeps  plane 
straight  and  level  and  helps  steer  it.  Wings  lift 
the  plane  up  in  the  air  and  help  steer  it.  Engine 
supplies  power  to  push  it  forward.  Pilot’s  cock- 
pit contains  seats  for  pilot  and  co-pilot,  instru- 
ments, and  radio  equipment.  Fuselage  holds  the 
passengers  and  cargo.  Landing  gear  supports 
plane  when  on  the  ground.  Propeller  moves 
the  plane  and  helps  it  stay  up  in  the  air. 

3.  Bad  weather.  Clouds,  fog,  rain  prevent 
pilot  from  seeing  the  ground.  This  is  especially 
dangerous  on  landings  and  take-offs.  Icing  may 
harm  the  propeller  and  shape  of  wings,  forcing 
the  plane  down.  High  winds  and  storms  may 
damage  plane  or  throw  it  off  course. 

4.  Running  increases  the  force  of  the  air 
against  the  kite.  The  kite  is  tilted  so  that  air 
pushes  harder  on  the  underside  than  on  top 
and  thus  lifts  it  up. 

5.  Li\e:  Both  have  body,  wings,  and  tail. 
Different:  Bird  gets  energy  from  muscles  and 
lift  by  moving  wings.  Airplane  has  an  engine 
and  depends  for  lift  on  the  force  of  air  on 
specially  shaped  wings. 

6.  They  do  not  need  long  runways  or  large 
airports  but  can  land  or  take  off  from  a very 
small  space.  The  fact  that  they  can  move  in 
any  direction  or  stand  still  in  the  air  makes 
them  more  useful  for  rescue  work,  observation, 
reaching  out-of-the-way  places,  etc. 

7.  Advantages:  It  is  many  times  faster  and 
can  be  used  to  reach  places  where  trains  and 
boats  cannot  go.  Disadvantages:  Not  all  towns 
and  cities  have  airports.  Because  of  weather, 
planes  cannot  fly  at  all  times. 

8.  The  lighter  the  plane,  the  less  force 
needed  to  lift  it.  Materials  must  be  strong  to 
resist  the  force  of  air  against  them. 

Things  to  do  (Page  239) 

1.  Pictures  may  be  found  in  any  of  the  many 
aviation  magazines,  Popular  Mechanics,  Popu- 
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lar  Science,  Science  News  Letter,  Current  Sci- 
ence and  Aviation,  Life,  etc. 

2.  Some  students  may  have  powered  models 
built  at  home.  If  not,  even  small  cardboard 
models  will  help  the  class  learn  the  parts  of 
a plane.  Small  models  can  be  used  in  making 
a model  airport  in  activity  No.  8. 

3.  Individual  report. 

4-5.  Individual  or  group  activity. 

6.  One  source  is  the  Civil  Aeronautics  Ad- 
ministration, Department  of  Commerce,  Wash- 
ington 25,  D.C. 

7.  This  poem  may  be  found  in  anthologies 
such  as  The  Home  Boo\  of  Verse  for  Young 
Folks  by  B.  E.  Stevenson.  New  York:  Henry 
Holt  & Co.,  1929. 

8.  Individual  or  group  activity. 

9.  See  encyclopedias  under  “Balloon.”  Jo- 
seph and  Jacques  Montgolfier  are  credited  with 
beginning  aerial  navigation  when,  in  1783,  they 
sent  a smoke-filled  paper  balloon  1000  feet  over 
Paris. 


10.  See  almanacs.  Newspaper  offices  and 
airports  may  have  more  recent  information. 

11.  Langley,  secretary  of  the  Smithsonian 
Institution,  first  demonstrated  the  laws  of  flight 
with  successful  models,  though  his  two  tests 
with  full-sized  planes  failed.  In  1896,  the  year 
of  Langley’s  first  test,  Chanute  made  his  first 
successful  glider  flight.  Only  a few  days  after 
Langley’s  second  test  in  1903,  the  Wright 
brothers  flew  their  plane  at  Kitty  Hawk. 

12-13.  Individual  reports. 

14.  All  of  these  came  to  a disastrous  end. 
The  first  three  were  built  by  the  United  States. 
The  Shenandoah  was  torn  in  two  by  a violent 
shift  of  wind  in  Ohio  in  1925.  The  Akron  was 
destroyed  by  a storm  off  the  New  Jersey  coast 
in  1933.  The  Macon  fell  into  the  ocean  off  the 
California  coast  in  1935.  The  Hindenburg,  a 
German-built  ship,  made  ten  round  trips  across 
the  Atlantic  in  1936.  But  the  next  year  it  caught 
fire  as  it  came  to  its  mooring  in  Lakehurst,, 
New  Jersey,  and  burned  in  half  a minute. 


UNIT 


Where  Do  New  Plants  and  Animals  Come  From? 


Purpose  and  scope 

In  this  elementary  treatment  of  reproduction, 
certain  broad  understandings  should  be  empha- 
sized. The  pupils  should  complete  the  unit  with 
these  understandings  clearly  in  mind:  (1) 
Every  living  thing  comes  from  another  living 
thing  of  the  same  kind.  (2)  Every  living  thing 
begins  its  life  as  a single  cell,  which  grows  and 
divides  into  more  cells.  Throughout  the  unit, 
these  ideas  are  continually  stressed.  Each 
method  of  reproduction  illustrates  them.  In 
this  way,  pupils  should  come  to  see  that  the 
same  general  principles  underlie  all  reproduc- 
tion. Only  the  methods  are  different. 

As  indicated  in  Science  Background , this 
unit  extends  many  concepts  developed  in  ear- 
lier units.  These  concepts  should  be  recalled, 
or  retaught  if  necessary,  as  the  study  of  the 
unit  progresses. 


Science  background 
Loo\  and  Learn:  Unit  1,  Animals;  Unit  4, 
Outdoors 

All  Around  Us:  Unit  1,  Animals;  Unit  4, 
Plants 

How  Do  We  Know?:  Unit  1,  Animals;  Unit 

3,  Plants 

Discovering  Our  World,  Book  One:  Unit  1, 
How  Are  the  Things  of  the  World  Put  in 
Groups?  Unit  2,  Why  Do  All  Living  Things 
Need  Air  and  Water?  Unit  8,  How  Do  Ani- 
mals and  Plants  Grow? 

Discovering  Our  World,  Book  Two:  Unit  1, 
How  Do  Living  Things  Help  and  Harm  Each 
Other?  Unit  8,  Where  Does  All  the  Food  of 
the  World  Come  From?  Unit  9,  How  Can 
You  Make  a Garden? 

Discovering  Our  World,  Book  Three : Unit 

4,  How  Do  Germs  Make  You  Sick? 
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General  eoncepts 

1.  Plants  withl  Jlowers  can  make  seeds,  from 
which  new  plants  will  grow. 

2.  A flower  has  different  parts  that  help  in 
making  seeds. 

3.  A flower  can  make  seeds  only  after  a 
pollen  cell  joins  with  an  egg  cell. 

4.  A seed  has  three  parts : the  tiny  new  plant, 
the  food  stored  around  it,  and  the  seed  coat 
that  protects  the  new  plant  and  its  food. 

5.  The  part  of  any  plant  that  contains  the 
seeds  is  called  the  fruit. 

6.  Some  plants  (annuals)  live  only  one  year; 
others  (biennials)  live  two  years;  still  others 
(perennials)  live  more  than  two  years. 

7.  Some  plants  can  make  new  plants  from 
parts  such  as  stems,  roots,  leaves,  and  bulbs. 

8.  Plants  without  flowers  cannot  make 
seeds;  they  make  new  plants  by  dividing,  bud- 
ding, or  producing  spores. 

9.  Animals,  like  plants,  come  from  another 
living  thing  of  the  same  kind. 

10.  Every  living  thing  begins  its  life  as  one 
little  cell. 

11.  Some  kinds  of  animals  feed  and  protect 
their  young;  others  do  not. 

12.  The  earth  is  not  overrun  with  living 
things  because  many  plants  and  animals  die 
before  they  can  produce  others  like  themselves. 

13.  Even  the  living  things  that  get  a chance 
to  grow  do  not  live  forever. 

14.  We  should  help  conserve  wild  animals 
and  plants  because  we  need  and  enjoy  them. 

15.  There  are  various  ways  of  conserving 
wild  animals  and  plants. 

Introducing  the  unit  (Page  241) 

Procedure 

One  way  to  introduce  this  unit  is  to  let  the 
pupils  examine  the  pictures.  Many  of  the  things 
illustrated  could  not  have  been  seen  without 
a magnifying  glass  or  a microscope.  A discus- 
sion of  the  question  in  the  second  paragraph 
on  page  241  will  bring  out  the  progress  of  sci- 
ence that  resulted  from  experiments  and  better 
instruments.  From  Unit  4,  pupils  should  recall 


the  importance  of  the  microscope  in  the  dis- 
covery and  study  of  germs. 

Another  way  to  begin  the  unit  is  to  ask 
the  pupils  the  question  stated  in  the  unit  title. 
From  earlier  experiences,  they  already  know 
that  some  plants  grow  from  seeds,  others  grow 
from  spores;  they  also  know  that  some  animals 
hatch  from  eggs  and  others  are  born  alive. 
Then  have  the  pupils  read  and  discuss  page  241, 
which  gives  some  examples  of  the  non-scientific 
practice  of  drawing  conclusions  without 
enough  evidence.  Also  urge  the  pupils  to  carry 
out  the  activity  suggested  in  the  last  paragraph. 
It  will  raise  some  questions  to  be  answered  in 
the  problems  that  follow. 

What  are  the  parts  of  a flower? 
(Pages  242-244) 

Concepts 

1.  Plants  with  flowers  can  make  seeds  from 
which  new  plants  will  grow. 

2.  A flower  has  different  parts  that  help  in 
making  seeds. 

a)  Sepals  protect  the  petals,  pistil,  and 
stamens  until  the  flower  opens. 

b)  Pollen  from  the  stamens  must  fall  on 
the  stigma  of  the  pistil  before  a flower  can 
make  seeds. 

c ) Many  flowers  will  make  better  seeds 
if  the  pollen  comes  from  another  flower  of 
the  same  kind. 

Observations 

Page  243:  To  observe  the  parts  of  flowers. 
Materials:  Flowers  showing  petals,  sepals, 
pistils,  and  stamens. 

Page  243:  To  observe  pollen. 

Materials:  Microscope  (optional),  pollen. 

Information  for  the  teacher 

Pictures.  Pages  242-243.  Most  flowers  vary 
from  the  ideal  flower  usually  pictured  diagram- 
matically.  Some  flowers  do  not  have  all  the 
parts.  Those  that  do,  such  as  the  flowers  shown 
on  these  pages,  may  show  variation  in  color, 
form,  or  number  of  parts.  The  lily  is  like  the 
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tulip,  because  the  sepals  are  the  same  color  as 
the  petals.  Only  the  petals  are  visible  in  the 
poppy.  The  sepals  usually  fall  off  when  the 
flower  opens. 

The  pistil  of  a flower  usually  consists  of  the 
swollen  base,  or  ovary , where  the  ovules  and 
later  the  seeds  are  formed;  a long,  slender  stalk, 
called  the  style;  and  the  sticky  end  of  the  style, 
called  the  stigma . In  the  tulip,  the  style  is  al- 
most completely  lacking.  This  gives  the  pistil 
more  the  appearance  of  a column  than  of  a 
stalk. 

Some  flowers,  such  as  the  buttercup,  have 
more  than  one  distinct  pistil.  Very  often  the 
pistils  are  united  at  the  base  to  make  a com- 
pound pistil.  Then  there  may  be  one  style  or 
several  coming  from  the  ovary.  In  the  poppy, 
the  stigmas  of  several  pistils  are  united  to  form 
a ring. 

A stamen  consists  of  the  long  stalk,  or  fila- 
ment, and  the  knoblike  end  of  the  filament, 
called  the  anther , in  which  the  pollen  is  formed. 
The  number  of  stamens  varies.  The  apple,  but- 
tercup, and  poppy  have  many  stamens,  while 
the  tulip  and  lily  have  only  six.  Anthers  also 
vary  greatly  in  color  and  shape. 

Procedure 

The  parts  of  a flower  are  taught  here  only  to 
help  pupils  understand  how  a flower  makes 
seeds.  When  the  class  meets,  have  on  hand 
various  kinds  of  flowers  whose  parts  can  easily 
be  identified.  If  possible,  have  some  of  those 
illustrated  on  pages  242-243.  To  introduce  the 
unit,  have  the  pupils  find  the  different  parts  of 
the  flowers  by  using  the  pictures  on  page  242 
as  guides.  Since  the  parts  vary  in  different 
flowers,  the  pupils  should  examine  as  many 
different  flowers  as  possible.  (If  no  flowers  are 
available,  pupils  may  learn  the  parts  from  the 
pictures  on  page  242.  Practice  in  recognizing 
the  parts  is  given  by  the  pictures  on  page  243.) 
The  pupils  should  now  read  the  text  down  to 
the  end  of  the  first  column  on  page  243  to  check 
their  findings  and  acquire  additional  informa- 
tion. Urge  them  to  carry  out  the  activity  in  the 
last  paragraph. 


Pupils  should  next  examine  pollen  under  a 
microscope.  If  a microscope  is  not  available, 
have  them  use  the  picture  at  the  left  on  page 
244.  Now  let  the  pupils  read  and  discuss  the 
rest  of  the  problem.  They  may  wish  to  tell 
about  experiences  in  which  they  watched  bees 
or  other  insects  go  from  flower  to  flower,  car- 
rying pollen.  For  an  additional  activity,  see 
Things  to  Do,  page  269,  No.  13. 

Questions  (Page  244) 

1.  Petal,  sepal,  stamen,  pistil,  stigma. 

2.  Protect  the  petals  and  other  parts  of  the 
flower  until  it  opens. 

3.  The  stamens  may  bend  over  and  touch  the 
pistil.  If  the  stamens  are  taller  than  the  pistil, 
pollen  may  drop  from  the  stamens  and  fall  on 
the  pistil. 

4.  Carried  by  the  wind  or  insects. 

5.  New  plants  will  grow  from  the  seeds. 

How  do  flowers  make  seeds? 

(Pages  245-249) 

Concepts 

1.  A flower  can  make  a seed  only  after  a 
pollen  cell  joins  with  an  egg  cell. 

a)  When  the  two  cells  join,  the  new  cell 
is  made. 

b)  The  new  cell  grows  and  divides  into 
more  new  cells  that  make  a tiny  plant. 

c ) Other  cells  make  food  that  is  stored 
around  the  young  plant  or  make  a covering 
for  the  plant  and  its  food. 

2.  A seed  has  three  parts : the  tiny  new  plant, 
the  food  stored  around  it,  and  the  seed  coat  that 
protects  the  new  plant  and  its  food. 

3.  The  part  of  a plant  that  contains  the 
seeds  is  called  the  fruit. 

4.  Some  plants  (annuals)  live  only  one  year; 
others  (biennials)  live  two  years;  still  others 
(perennials)  live  for  more  than  two  years. 

Observation 

Page  246:  To  observe  some  cells. 

Materials:  Microscope,  thin  skin  from  an 
onion,  algae. 
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Information  for  the  teacher 

Pictures.  Page  245.  Left,  pollination.  Right, 
fertilization.  These  pictures  are,  of  course,  dia- 
grams. The  diagrams  show  one  ovule  in  each 
ovary.  The  number  of  ovules  varies  greatly 
among  plants.  The  buttercup  has  one  to  an 
ovary,  the  snapdragon  two  hundred  or  more. 
Within  the  ovule  is  the  so-called  embryo  sac 
(“tiny  sack”  in  the  text)  that  contains  the  egg 
cell.  At  this  level,  the  pupils  need  only  to  un- 
derstand that  the  egg  cell  is  inside  the  ovule 
(labelled  “sack”  in  the  diagram). 

In  the  fertilization  diagram,  just  one  pollen 
tube  is  shown  growing  down  the  style  to  the 
ovule.  Many  pollen  grains  land  on  the  stigma, 
and  a number  germinate  and  grow  down  to- 
ward the  ovule.  When  there  is  more  than  one 
ovule,  the  first  tube  down  enters  the  nearest 
ovule.  The  others  are  turned  aside  in  some  way 
and  grow  toward  the  other  ovules.  When  there 
is  only  one  ovule,  the  other  pollen  tubes  stop 
growing  when  one  reaches  the  ovule. 

Page  246.  The  threadlike  water  plants  are, 
top,  the  green  alga  Spirogyra  and,  bottom , the 
green  alga  Ulothrix.  The  one-celled  plants  are 
the  blue-green  alga  Gleocapsa.  They  are  all  dis- 
tinguished by  a thick  gelatinous  sheath  around 
them.  Visible  in  each  cell  are  the  green  chloro- 
plasts  and  the  nucleus.  These  and  other  com- 
mon green  algae  can  be  found  in  the  quiet 
waters  of  ponds  and  streams. 

Page  247.  A good  botany  text  or  a book  on 
plants  (see  Bibliography)  will  give  further  in- 
formation about  the  different  kinds  of  fruits. 
The  hickory  nut  shows  the  kind  of  fruit  that 
has  two  kinds  of  protective  covering  for  its 
seed;  the  green  outer  shell  turns  black  and 
comes  off,  leaving  the  hard  shell  with  which  we 
are  more  familiar. 

Other  fruits  like  the  pea  are  string  beans, 
lima  beans,  soybeans,  and  fruits  of  locust  trees; 
like  the  apple  are  pears  and  quinces;  like  the 
tomato  are  grapes,  currants,  gooseberries,  and 
blueberries;  like  the  cucumber  are  squash, 
pumpkin,  and  gourds;  like  the  plum  are  peach, 
cherry,  apricot,  and  nectarine. 
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Page  248.  Nasturtium  is  an  annual. 

Page  249.  Carrot  is  a biennial. 

Text.  Page  245.  The  part  of  the  pollen  grain 
that  joins  with  the  egg  is  the  sperm  that  has 
been  carried  down  to  the  egg  in  the  pollen  tube. 
After  fertilization,  the  cell  resulting  from  the 
union  of  the  sperm  and  the  egg  grows  and  be- 
comes the  embryo.  The  rest  of  the  embryo  sac 
and  the  ovule  around  it  develop  into  the  other 
parts  of  the  seed,  namely,  the  food  and  the  seed 
coat. 

Procedure 

When  the  pupils  begin  the  study  of  this  prob- 
lem, have  on  hand  some  flowers  that  show  the 
pistils  and  stamens  clearly.  Cut  a pistil  length- 
wise to  show  the  inside.  After  the  pupils  look 
at  the  living  material,  have  them  read  the  first 
three  paragraphs  and  examine  the  diagrams  on 
page  245.  Be  sure  that  the  pupils  understand 
that  most  plants  will  not  look  just  like  the  dia- 
grams although  the  plants  will  have  the  same 
parts. 

Now  have  the  pupils  recall  what  they  have 
learned  about  cells  in  earlier  units  ( Discover- 
ing Our  World,  Boo\  Two,  Unit  8,  page  213, 
and  Boo\  Three,  Unit  4,  page  102).  Then  let 
them  read  the  last  paragraph  on  page  245  and 
make  the  observation  suggested  in  the  first 
paragraph  on  page  246,  using  the  pictures  at 
the  top  of  that  page.  Point  out  the  fact  that 
there  are  many  sizes  and  kinds  of  cells  but  that 
they  all  grow  in  the  same  way. 

Pupils  are  now  ready  to  read  the  next  three 
paragraphs  on  page  246,  which  tell  how  the 
new  cell  grows  into  a seed.  Have  them  exam- 
ine a soaked  bean  seed  and  compare  its  parts 
with  those  that  they  find  in  the  picture  at  the 
bottom  of  the  page.  If  possible,  the  pupils 
should  look  at  other  large  seeds  of  this  type 
and  find  the  parts.  From  Discovering  Our 
World,  Boo\  One,  Unit  8,  pages  197-198,  the 
children  may  recall  the  parts  of  seeds.  They 
should  read  the  summary  at  the  top  of  page 
247  before  studying  the  rest  of  the  problem. 

The  next  three  paragraphs  and  the  pictures 
on  page  247  deal  with  fruits  in  the  scientific 


sense.  This  use  of  fruit  may  be  surprising  to  the 
pupils.  Let  the  pupils  read  the  text  and  examine 
the  pictures.  Be  sure  that  they  understand  that 
fruit  means  the  part  that  contains  the  seeds. 
Urge  the  children  to  look  for  as  many  different 
fruits  as  they  can  find.  These  may  be  brought  to 
class  and  arranged  in  an  exhibit. 

Have  the  pupils  recall  from  earlier  science 
study  how  seeds  grow  into  new  plants.  They 
should  then  read  the  rest  of  the  problem  and 
examine  the  pictures.  The  questions  in  the  leg- 
ends will  help  the  children  apply  what  they 
have  learned.  Be  sure  that  the  differences  be- 
tween annual , biennial , and  perennial  are  un- 
derstood. For  additional  activities,  see  Things 
to  Do,  page  269,  Nos.  3,  6,  7,  and  8. 

Questions  (Page  249) 

1.  {b),  {a),  (e),  Or),  (/),  ( g ),  00- 

2.  The  tiny  new  plant  grows,  sending  down 
roots  and  pushing  stem  and  leaves  above 
ground.  The  food  stored  around  the  new  plant 
is  used  until  leaves  can  make  food.  The  seed 
coat  protects  the  tiny  plant  and  its  food  until 
the  plant  sprouts. 

3.  The  part  of  any  plant  that  contains  the 
seeds.  Apples,  oranges,  tomatoes,  pumpkins, 
bean  and  pea  pods,  etc. 

4.  Annuals:  petunias  and  poppies.  Biennials: 
cabbages  and  carrots.  Perennials:  trees  and 
tulips. 

How  are  new  plants  made  from  parts 
of  plants?  (Pages  250-253) 

Concept 

Some  plants  can  make  new  plants  from  parts 
such  as  stems,  roots,  leaves,  or  bulbs. 

Observations  and  experiments 

Page  250:  To  observe  that  some  plants  grow 
from  cuttings. 

Materials:  Ivy  plant,  sharp  knife,  sand, 
water. 

Page  251 : To  observe  that  some  plants  grow 
from  underground  stems. 

Materials:  White  potato,  jar  of  water. 


Page  252:  To  observe  that  some  plants  grow 
from  leaves. 

Materials:  Begonia  plant,  coarse  sand. 

Pages  252-253:  To  observe  how  plants  grow 
from  bulbs. 

Materials:  Onion  bulb,  knife,  flower  bulbs, 
dish,  pebbles. 

Information  for  the  teacher 

The  method  of  reproduction  described  in 
this  problem  is  known  as  vegetative  reproduc- 
tion. It  has  great  value  because  it  enables  us 
to  grow  a mature  plant  in  much  less  time  than 
would  be  required  to  grow  the  plant  from 
seeds.  Also  with  many  garden  flowers  and 
fruits,  we  destroy  the  seeds  when  we  use  the 
flower  or  fruit.  However,  vegetative  reproduc- 
tion of  weeds  makes  many  of  them  difficult  to 
get  rid  of.  The  place  on  the  stem  from  which 
strawberries  and  other  similar  plants  send  out 
roots  and  stems  is  known  as  the  node.  The  un- 
derground stem  is  a rhizome.  A shoot  from  a 
parent  plant  producing  buds  and  a new  plant 
is  called  a stolon.  A tuber  is  a small,  fleshy, 
underground  stem  or  shoot  having  tiny  leafy 
scales  with  buds  or  “eyes,”  as  in  the  white 
potato. 

Procedure 

Ask  the  children  whether  they  have  ever 
seen  anyone  planting  something  other  than 
seeds  to  start  some  new  plants.  Farm  children 
may  have  helped  cut  up  “seed”  potatoes  for 
planting.  Others  may  have  planted  tulip  or 
other  bulbs  in  the  fall  or  watched  onion  sets 
being  planted  in  the  garden.  Some  will  have 
seen  their  mothers  take  slips  from  geraniums  or 
other  house  plants,  and  most  will  be  familiar 
with  growing  narcissus  bulbs  in  water.  List 
the  ways  mentioned  on  the  board. 

After  discussing  these  ways  of  growing 
plants,  have  the  children  set  up  as  many  of  the 
experiments  with  vegetative  reproduction  de- 
scribed in  these  pages  as  possible.  They  should 
follow  the  directions  in  the  book  by  reading 
and  looking  at  the  pictures.  Committees  should 
be  chosen  to  make  sure  that  the  plants  are  kept 
moist.  As  the  children  watch  the  plants  over 
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a period  of  time,  they  should  refer  to  the  text 
for  an  explanation  of  what  they  observe. 

When  the  experiments  are  started,  have  the 
children  read  the  problem  to  find  out  about 
the  types  of  vegetative  reproduction  and  to  be- 
come familiar  with  the  names  of  the  different 
types.  For  an  additional  activity,  see  Things 
to  Do , page  269,  No.  10. 

Questions  (Page  253) 

1.  Stems:  ivy,  geranium,  grapevine,  willow, 
poplar;  runners , strawberry;  underground 
stems , quack  grass;  buds:  potato;  roots:  rasp- 
berry, barberry,  rose,  blackberry,  phlox,  oriental 
poppy;  leaves:  begonia;  bulbs:  onion,  daffodil, 
hyacinth,  lily,  tulip. 

2.  They  will  grow  from  roots  or  under- 
ground stems  if  the  leaves  or  stems  are  cut  off. 

3.  Geranium : make  a stem  cutting  and  plant 
it  in  moist  sand  to  cover  the  lower  joint;  then 
when  roots  and  leaves  have  grown,  transplant 
into  soil.  Blackberry : make  a root  cutting. 

4.  The  eyes  are  buds  that  grow  into  new 
plants. 

5.  No.  There  are  underground  stems  such  as 
white  potatoes,  and  buds  such  as  onion  bulbs 
that  grow  underground. 

How  do  plants  without  flowers  make 
new  plants?  (Pages  253-256) 

Concept 

Plants  without  flowers  cannot  make  seeds; 
they  make  new  plants  by  dividing,  budding,  or 
producing  spores. 

Experiments  and  observations 

Page  254:  To  watch  yeast  plants  grow. 

Materials:  Yeast  cake,  sugar,  warm  water, 
test  tube,  cork,  microscope  if  possible. 

Pages  254-255:  To  show  that  mold  grows 
from  spores. 

Materials:  Slice  of  bread,  dusty  cloth,  two 
dishes,  magnifying  glass  or  microscope. 

Page  256:  To  observe  spores  from  mush- 
rooms. 

Materials:  Mushrooms,  sheet  of  paper. 
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Information  for  the  teacher 

Pictures.  Page  254.  Top , yeast  plants,  some 
budding.  Within  the  yeast  plant  may  be  seen 
oil  globules  and  the  clear-looking  spots  called 
vacuoles.  These  vacuoles  contain  a watery  sub- 
stance in  which  many  materials  are  dissolved. 

Page  254.  Bottom,  mycelium  and  spore  cases 
of  the  bread  mold  Rhizopus.  The  left-hand 
picture  shows  the  rootlike  parts,  or  hyphae , of 
the  mycelium  that  grow  down  into  the  bread 
and  get  food  materials  from  the  bread.  Several 
spore  cases  can  be  seen  on  their  stalks.  The 
centre  picture  shows  a much  enlarged  spore 
case  containing  spores.  In  the  right-hand  pic- 
ture, the  case  has  broken,  allowing  the  spores 
to  escape.  A spore  does  not  contain  an  embryo 
plant  as  a seed  does.  A spore  is  a single  cell,  or 
a small  group  of  cells,  that  can  grow  into  a 
new  plant. 

Page  255.  Either  black  or  white  paper  may 
be  used  in  making  spore  prints.  Since  some 
spores  are  white  or  very  light-colored,  the  prints 
often  show  up  better  on  black  paper. 

Page  256.  Left,  fern  frond  showing  spore 
cases  on  the  back  of  one  leaf.  Each  of  these 
brown  dots  is  made  up  of  groups  of  spore 
cases.  A group  of  spore  cases  like  this  is  known 
as  a sorus.  Right,  moss  plant  showing  stalked 
spore  case  called  a capsule.  This  moss  is  the 
hair-cap  moss  Polytrichum.  Children  may  find 
this  and  other  mosses  that  show  spore  cases. 

Text.  Page  256.  The  seaweeds  referred  to 
are  the  algae.  This  whole  group  reproduces  by 
spores. 

Procedure 

To  start  this  problem,  ask  the  children  to 
name  all  the  kinds  of  plants  they  can  think  of 
that  have  no  flowers  or  seeds.  From  Discover- 
ing Our  World,  Boo\  One,  Unit  1,  pages  38-43, 
they  should  recall  that  mushrooms,  seaweeds, 
mosses,  and  ferns  reproduce  by  spores  instead 
of  by  seeds.  After  they  have  named  as  many  of 
these  as  they  can,  ask  them  to  recall  what  they 
learned  about  the  reproduction  of  bacteria  in 
Unit  4 of  this  book,  pages  102-103. 


After  the  discussion,  have  the  class  set  up  the 
experiment  with  the  yeast  plants  to  demon- 
strate reproduction  by  budding.  They  should 
also  carry  out  the  other  activities  suggested  in 
the  text.  As  in  the  previous  problem,  have  the 
children  follow  the  directions  by  reading  the 
text  and  looking  at  the  pictures.  If  a microscope 
is  available,  it  will  add  greatly  to  the  study  of 
this  problem.  However,  a good  magnifying 
glass  and  the  pictures  in  the  text  will  enable 
the  children  to  grasp  the  basic  ideas  of  the 
problem. 

When  the  pupils  have  examined  as  many 
non-seed-bearing  plants  as  possible,  have  them 
read  through  the  problem  for  further  explana- 
tion and  information.  Be  sure  that  the  pupils 
understand  that  the  buds  of  yeast  plants  are  in 
no  way  like  the  buds  of  seed-bearing  plants. 
See  also  Things  to  Do , page  269,  No.  9,  for 
an  additional  activity. 

Questions  (Page  256) 

1.  One  cell  divides  into  two  cells. 

2.  Little  swellings  called  buds  break  off  and 
grow  into  new  plants. 

3.  Li\e:  Both  can  grow  into  new  plants. 
Different:  Spores  are  very  much  smaller  and 
do  not  have  the  parts  that  a seed  has. 

4.  Answers  may  include  ferns,  mosses,  sea- 
weeds, molds,  mushrooms. 

Where  do  new  animals  come  from? 
(Pages  256-259) 

Concepts 

1.  Animals,  like  plants,  come  from  another 
living  thing  of  the  same  kind. 

a)  Some  animals  hatch  from  eggs  laid  by 

the  mother. 

b)  Some  animals  grow  inside  the  mother’s 

body. 

2.  Every  living  thing  begins  its  life  as  one 
little  cell. 

Information  for  the  teacher 

Pictures.  Page  257.  Left.  The  spider  is  the 
female  of  the  common  garden  spider,  also 


called  the  golden  garden  spider.  The  male  is 
much  smaller  and  less  conspicuous.  The  egg 
sac,  which  is  usually  about  the  size  of  a hick- 
ory nut,  is  made  in  the  autumn.  It  is  fastened 
securely  by  many  ropes  of  silk  in  the  top  of 
some  weed  or  shrub.  In  this  sac,  the  young 
spiders  pass  the  winter.  Specimens  of  these 
spiders  can  be  raised  by  keeping  an  egg  case  in 
a closed  bottle.  Right , the  nest  and  eggs  of  a 
blackbird. 

Page  258.  The  early  divisions  of  a frog’s  egg. 

Page  259.  The  katydid,  like  the  grasshopper, 
goes  through  an  incomplete  metamorphosis; 
that  is,  it  has  only  three  distinct  stages  to  its 
life  history:  the  egg,  the  wingless  young  stage, 
and  the  adult.  (See  Discovering  Our  World , 
Boo\  One , pages  189-190.)  The  young  katydid 
differs  from  the  adult  in  the  absence  of  wings. 
It  grows  into  an  adult  by  adding  wings  and 
getting  larger  but  not  by  changing  form  com- 
pletely, as  some  insects  do  by  going  through 
four  stages  (complete  metamorphosis).  Katy- 
did eggs  may  be  found  on  the  edges  of  leaves 
and  twigs  of  trees  in  the  fall. 

Text.  The  phrase  “born  alive”  refers  to  ani- 
mals that  are  produced  in  a comparatively 
advanced  stage  of  development.  They  have 
been  nourished  within  the  mother  through  a 
placenta.  When  they  are  born,  they  are  in  an 
active  condition.  Animals  that  bear  young  in 
this  way  are  known  as  viviparous  animals  in 
contrast  to  the  animals  that  lay  eggs,  or  ovip' 
arous  animals.  Eggs,  of  course,  are  alive;  but 
the  animals  within  them  do  not  arrive  at  an 
active  state  until  after  a period  of  incubation. 

Most  snakes  are  hatched  from  eggs;  but 
some,  such  as  the  common  garter  snake,  are 
born  alive.  All  mammals  except  two  kinds  give 
birth  to  living  young.  The  two  kinds  that  lay 
eggs  are  found  in  Australia.  One  is  called  the 
duckbill,  or  platypus;  the  other  is  called  the 
spiny  anteater,  or  echidna. 

Procedure 

To  begin  this  problem,  ask  the  pupils  to 
name  the  six  main  groups  of  animals  they 
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have  learned  about  ( Discovering  Our  World, 
Boo\  One,  Unit  1).  Write  these  on  the  board. 
Then  ask  the  children  in  which  of  these  groups 
the  young  are  born  alive  and  in  which  they 
hatch  from  eggs.  Write  the  answers  after  the 
names  of  the  groups. 

Now  suggest  that  the  class  study  eggs  of 
various  kinds  to  see  how  animals  grow  from 
one  cell,  as  directed  in  Things  to  Do,  page 
269,  Nos.  1,  2,  and  5.  If  possible,  get  a hen’s 
egg  that  is  partly  incubated.  The  children  can 
see  how  the  tiny  chicken  is  beginning  to  form. 
Break  the  eggshell  carefully  and  empty  the 
contents  into  a saucer.  The  embryo  may  be 
seen  more  clearly  if  it  is  carefully  lifted  away 
from  the  yolk  and  put  on  a glass  slide  or  dish. 
Pupils  can  also  watch  the  development  of  frogs’ 
eggs  and  toads’  eggs  if  they  bring  them  to 
school  in  the  spring.  They  may  be  found  in  the 
shallow  water  of  streams  and  ponds.  Frogs’ 
eggs  are  found  in  masses  of  jelly  like  substance 
and  toads’  eggs  in  strings.  See  Discovering  Our 
World,  Boo\  One,  Unit  8,  pages  192-194. 

When  collecting  the  eggs,  use  a dipper  and 
lower  the  dipper  into  a pail  of  the  pond  water. 
Do  not  pour  the  eggs  into  the  bucket.  Let  the 
bucket  stand  until  the  water  is  at  the  tempera- 
ture of  the  room  in  which  the  aquarium  is 
located  before  transferring  the  eggs  to  the 
aquarium.  To  keep  the  eggs,  at  least  three 
gallons  of  water  are  needed  for  a mass  of  eggs 
the  size  of  a hen’s  egg.  If  the  eggs  are  fertile 
and  developing,  they  will  hang  with  the  black 
half  uppermost;  the  white  will  soon  turn  dark. 
The  best  way  to  demonstrate  the  early  divi- 
sions of  a frog’s  egg  is  to  make  a ball  of  model- 
ling clay  and  cut  the  ball  with  a knife  to  show 
how  first  two,  then  four,  then  eight,  and  then 
sixteen  cells  are  made.  See  the  picture  on  page 
258.  Salamander  eggs  are  also  interesting  be- 
cause the  embryos  can  be  clearly  seen  for  some 
time  before  they  hatch.  However,  they  are  not 
so  commonly  found  as  frogs’  and  toads’  eggs. 
A magnifying  glass  gives  a good  view  of  the 
first  stages  of  cell  division  in  any  of  these  eggs. 

As  the  children  study  the  living  material, 
have  them  read  down  to  the  last  paragraph  on 


page  259  and  look  at  the  pictures.  They  will 
probably  recall  the  metamorphosis  of  the  frog 
and  certain  insects  from  Discovering  Our 
World,  Boo\  One,  Unit  8,  pages  189-194.  The 
text  and  pictures  in  that  book  may  be  used  to 
review  or  supplement  the  concepts  developed 
in  this  problem.  When  the  concepts  in  this 
problem  are  clearly  understood,  have  the  class 
read  the  last  paragraph  on  page  259,  which 
summarizes  the  essential  understandings  so  far 
developed  in  the  unit. 

Questions  (Page  259) 

1.  Inside  both  is  a tiny  cell  that  can  divide 
and  grow  into  a new  living  thing.  Both  contain 
food  for  the  young  plant  or  animal,  and  both 
have  protective  coverings. 

2.  Most  mammals  are  born  alive,  while  birds 
are  hatched  from  eggs. 

3.  As  one  little  cell. 

4.  Cells  divide,  making  more  cells,  which 
divide  again. 

5.  Born  alive:  deer,  mouse,  some  snakes. 
Hatch  from  eggs:  robin,  frog,  turtle,  most 
snakes,  cricket. 

How  do  animals  take  care  of  their 
young?  (Pages  260-262) 

Concept 

Some  kinds  of  animals  feed  and  protect  their 
young;  others  do  not. 

Information  for  the  teacher 

Pictures.  Page  260.  The  opossum  is  the  only 
North  American  example  of  the  group  of  ani- 
mals known  as  marsupials  because  they  carry 
their  young  in  a marsupium,  or  pouch.  Kanga- 
roos are  the  most  familiar  example  of  these 
animals.  Opossums  usually  keep  their  young, 
which  are  extremely  small  and  undeveloped  at 
birth,  in  the  pouch  for  about  two  months. 
Later,  the  young  ride  around  on  the  mother’s 
back. 

Page  261.  The  quail  is  also  called  a partridge 
or  bobwhite  in  some  localities.  Quail  chicks  can 
run  about  almost  immediately  after  hatching, 
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but  the  mother  must  help  them  find  food  and 
give  them  warmth  and  protection  for  two  or 
three  months. 

Page  262.  Left,  larvae  of  the  Anisota  virgi- 
niensis  or  Virginian  Anisota,  closely  related  to 
the  orange-striped  oak-worm  moth.  Right , 
stickleback  in  the  nest.  This  stickleback  is 
found  in  the  Great  Lakes  region  and  in  fresh 
water  throughout  eastern  North  America. 

Text.  Page  260.  Other  hibernating  animals 
are  snakes,  turtles,  woodchucks,  and  chip- 
munks; also  frogs  and  toads,  which  bury  them- 
selves in  the  mud  at  the  bottom  of  ponds. 

Procedure 

This  problem  provides  an  excellent  oppor- 
tunity for  children  to  tell  about  their  own 
experiences  with  young  animals  and  their  ob- 
servations of  how  mother  animals  care  for  their 
young.  Almost  every  child  will  have  had  some 
such  experience  and  will  be  able  to  contribute 
to  the  discussion.  As  the  discussion  proceeds, 
make  a list  on  the  board  of  the  animals  men- 
tioned and  what  the  children  observed  about 
them.  After  the  children  have  told  their  expe- 
riences, have  them  read  pages  260-262  and  look 
at  the  pictures  for  additional  information.  See 
also  Things  to  Do,  page  269,  No.  4. 

Questions  (Page  262) 

1.  Mammals,  birds. 

2.  Those  that  have  only  a few. 

3.  Many  lay  their  eggs  near  food,  that  is,  on 
plants  or  near  other  animals  that  the  young 
can  eat.  Some  place  food  in  the  nest  for  them. 

4.  Answers  will  vary. 

5.  Pupils  may  have  observed  the  placing  and 
camouflaging  of  nests  for  protection  and  the 
behavior  of  a bird  when  an  enemy  approaches 
the  nest. 

Why  is  the  earth  not  overrun  with 
plants  and  animals?  (Pages  263-265) 

Concepts 

1.  The  earth  is  not  overrun  with  living 
things  because  many  new  plants  and  animals 


die  before  they  can  produce  others  like  them- 
selves. 

a)  Many  cannot  get  all  the  air,  food, 

water,  room,  light,  and  warmth  that  they 

need  to  grow. 

b ) Many  are  killed  by  enemies. 

2.  Even  the  living  things  that  get  a chance 
to  grow  do  not  live  forever. 

Information  for  the  teacher 

Pictures.  Page  263.  Milkweed  pod  and  seeds 
escaping. 

Page  265.  The  big  tree  of  Tule,  near  Oaxaca, 
Mexico.  This  ancient  tree  has  a circumference 
of  about  thirty-five  yards  three  feet  above 
ground. 

Procedure 

To  introduce  this  problem,  ask  the  children 
whether  they  have  ever  opened  a milkweed 
pod  like  the  one  in  the  picture  on  page  263. 
Or  ask  them  whether  they  have  ever  blown 
the  seeds  from  dandelions  as  the  children  in  the 
picture  on  page  241  are  doing.  If  it  is  dandelion 
season,  ask  the  children  to  look  for  some  dan- 
delions that  have  gone  to  seed.  Use  these  (or  the 
pictures)  to  start  a discussion  of  the  great  num- 
bers of  seeds  produced  by  many  plants.  Ask  the 
children  what  would  happen  if  all  the  seeds 
such  as  those  from  one  milkweed  pod  became 
full-grown  plants.  Tell  them  to  remember  that 
there  are  several  pods  on  one  plant.  If  the 
children  collected  frogs’  or  toads’  eggs  earlier 
in  the  unit,  refer  to  the  great  numbers  of  eggs 
in  one  mass.  Have  them  recall  that  these  eggs 
were  laid  by  just  one  frog  or  toad.  Ask  what 
would  happen  if  all  these  eggs  became  full- 
grown  frogs  or  toads.  Pupils  may  also  wish  to 
carry  out  the  activity  suggested  in  the  second 
paragraph  on  page  263.  Similar  questions 
should  be  asked  about  the  young  that  hatch 
from  the  eggs  laid  by  one  spider. 

Then  ask  the  children  how  they  think  all 
these  seeds  and  eggs  are  kept  from  becoming 
full-grown  plants  or  animals.  What  the  chil- 
dren have  already  learned  about  the  air  and 
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water  requirements  of  living  things  ( Discover- 
ing Our  World , Boo\  One , Units  2 and  8),  the 
interrelationships  of  living  things  ( Discovering 
Our  World , Boo\  Two , Unit  1)  and  about  the 
requirements  for  growing  plants  in  a garden 
(Discovering  Our  World , Boo\  Two,  Unit  9) 
should  enable  them  to  think  of  many  things 
that  limit  the  growth  of  plants  and  animals. 
Make  a list  of  the  pupils’  explanations  on  the 
board.  After  the  children  have  given  all  their 
ideas,  have  them  read  pages  263-265  to  check 
their  reasons,  to  find  additional  ones,  and  to 
learn  something  about  the  life  span  of  plants 
and  animals.  A carefully  planned  field  trip  to 
make  the  observations  suggested  in  the  third 
paragraph  on  page  264  will  enrich  this  problem. 

Questions  (Page  265) 

1.  The  egg  would  probably  be  destroyed. 
Before  long,  there  would  be  no  new  frogs  to 
grow  and  produce  more  frogs. 

2.  Many  fall  where  they  cannot  grow;  some 
are  eaten;  others  cannot  get  enough  air,  food, 
water,  room,  light,  or  warmth  to  grow. 

3.  Although  a great  many  are  produced, 
many  do  not  live;  and  so  the  number  that 
become  full-grown  is  small. 

4.  Answers  should  mention  that  eggs  are 
destroyed,  young  are  killed,  seeds  and  spores 
often  do  not  get  a chance  to  grow,  and  the 
old  die. 

5.  Frog.  Elephant.  Eagle. 

6.  Trees. 

Why  should  we  help  conserve  living 
things?  (Pages  266-268) 

Concepts 

1.  We  should  help  conserve  wild  animals 
and  plants  because  we  need  and  enjoy  them. 

2.  There  are  various  ways  of  conserving  wild 
animals  and  plants. 

a)  Passing  laws  against  picking  certain 
wild  flowers  helps  protect  them. 

b ) Establishing  bird  sanctuaries  and  other 
wild-life  refuges  gives  animals  a chance  to 
grow  and  produce  others  like  themselves. 


Information  for  the  teacher 

Much  information  on  conservation  is  avail- 
able to  teachers.  Write  to  your  provincial  de- 
partments of  agriculture,  lands  and  forests,  and 
natural  resources  (the  names  of  the  depart- 
ments in  charge  of  conservation  vary  in  differ- 
ent provinces),  and  to  the  Federal  Department 
of  Agriculture  for  lists  of  their  publications. 
From  these  lists  select  bulletins  that  describe 
local  conditions  and  conservation  practices. 
Other  organizations  also  offer  much  useful 
literature.  Some  of  these  are  the  Audubon 
Society  of  Canada,  the  Canadian  Wildlife 
Service,  and  local  societies  of  naturalists.  (See 
Bibliography  for  titles  and  methods  of  obtain- 
ing information  from  these  and  other  sources.) 

Procedure 

Before  beginning  this  problem,  make  sure 
that  the  children  understand  the  meaning  of 
the  word  conservation.  From  Discovering  Our 
World,  Boo\s  One  and  Two,  they  should  re- 
call the  meaning  of  conservation  and  some 
aspects  of  it  related  to  wild-life  protection.  Re- 
fer also  to  the  problem  on  the  conservation  of 
soil  in  Unit  3 of  this  book.  Many  children  may 
belong  to  a group  in  which  conservation  is  part 
of  the  program.  Draw  on  as  many  experiences 
as  possible  to  start  the  discussion. 

This  problem  on  wild-life  protection  can  be 
most  effectively  taught  if  the  teacher  presents 
some  of  the  problems  of  conservation  that  are 
peculiar  to  the  locality,  for  example,  disappear- 
ance or  great  decrease  in  numbers  of  some 
plant  or  animal.  The  pupils  should  try  to  decide 
(1)  why  the  animals  or  plants  are  disappearing 
and  (2)  what  can  be  done  to  correct  this  con- 
dition. Then  they  should  read  the  problem  to 
check  their  ideas.  As  a summary  of  the  con- 
cepts developed  in  this  problem,  have  the  class 
make  a list  of  the  things  they  can  do  to  apply 
these  concepts.  The  list  might  include  prevent- 
ing the  destruction  of  certain  plants  and  ani- 
mals, feeding  birds,  etc.  Such  projects  establish 
valuable  attitudes  and  habits  to  be  carried  from 
the  classroom  into  everyday  behavior. 
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If  possible,  have  the  class  visit  a fish  hatchery 
or  a bird  sanctuary,  or  see  some  other  phase 
of  conservation.  Otherwise,  individuals  may  re- 
port on  such  visits.  A copy  of  the  local  game 
laws  should  be  obtained  and  referred  to.  The 
plants  that  need  protection  should  also  be 
learned.  For  additional  activities,  see  Things  to 
Do , page  269,  Nos.  11  and  12. 

Questions  (Page  268) 

1.  Because  we  need  them  and  enjoy  them. 

2.  Do  not  harm  eggs,  birds,  or  wild  animals; 
do  not  pick  wild  flowers. 

3.  Answers  will  vary. 

4.  Some  places  will  become  too  crowded  so 
that  many  living  things  will  die.  Other  places 
will  no  longer  have  the  things  needed  for  ani- 
mals and  plants  to  grow. 

Questions  to  answer  (Page  269) 

1.  No.  Try  the  experiment  and  show  that 
it  does  not  work.  Then  find  out  where  snakes 
do  come  from. 

2.  No.  Bacteria  make  no  seeds  but  simply 
divide.  Yeasts  have  buds  instead.  Ferns,  mosses, 
seaweeds,  and  mushrooms  grow  from  spores. 

3.  It  must  join  with  a pollen  cell. 

4.  Pistil  has  egg  sacks  in  which  the  eggs 
grow  into  seeds.  Wind  carries  pollen  to  other 
flowers.  Pollen  sends  down  a tube  to  the  egg 
sack;  then  a pollen  cell  joins  with  the  egg  so 
it  can  grow.  Bees  carry  pollen  from  flower  to 
flower.  Stamen  is  the  part  that  makes  pollen. 
Stigma  holds  pollen  on  the  pistil. 

5.  The  eggs  are  so  small  that  they  cannot 
he  seen  without  a microscope. 

6.  If  the  blossoms  are  fully  open  and  have 
been  fertilized,  there  is  a chance  that  fruit  will 
develop.  But  in  most  cases  a heavy  frost  or 
freeze  will  prevent  fruit  from  growing  by  kill- 
ing the  flower  before  a seed  can  be  formed. 

7.  Yes.  Vegetables  such  as  tomatoes,  cucum- 
bers, squash,  etc.,  are  really  fruits  in  the  scien- 
tific sense. 

8.  Raspberry,  peach,  watermelon,  grape. 
Each  contains  the  seeds  of  the  plant.  Radish 


and  carrot  are  roots.  Potato  is  an  underground 
stem.  Onion  is  a bulb. 

9.  From  another  living  thing  like  itself. 

10.  All  living  things  are  made  of  different 
kinds  and  numbers  of  cells.  Living  things  grow 
as  these  cells  divide  to  make  more  cells. 

11.  They  may  die  and  not  produce  more  like 
themselves. 

12.  Many  living  things  depend  on  trees  for 
food  and  protection.  When  trees  are  destroyed, 
these  living  things  must  go  elsewhere  or  die. 

Things  to  do  (Page  269) 

1.  Group  activity.  For  details,  see  pages  240- 
242  of  this  Guideboo\. 

2.  21  days. 

3.  Consult  high-school  or  college  biology, 
botany,  or  zoology  texts. 

4.  See  Bibliography  and  encyclopedias. 

5.  Grasshopper  eggs  are  oval  and  about  %6 
inch  long.  In  the  autumn,  they  are  laid  in 
groups  of  a dozen  to  150  in  an  oval  pod  in  the 
ground.  They  hatch  when  warm  weather  re- 
turns in  the  spring. 

6.  Sepals  and  petals  may  have  fallen  off. 
Perhaps  some  stamens  are  left.  The  pistil  will 
be  left  but  will  be  enlarged  at  the  base  into 
a seed  pod  or  other  type  of  fruit. 

7.  Burbank  cross-pollinated  plants  that  pos- 
sessed characteristics  which  he  wished  to  de- 
velop; then  by  careful  selection  he  finally  pro- 
duced plants  of  superior  quality.  He  is  best 
known  for  his  work  in  breeding  better  pota- 
toes, a thornless  cactus,  and  many  new  fruits. 
(Consult  encyclopedias,  the  Readers'  Guide  to 
Periodical  Literature , or  Beaty,  John  Y.,  Luther 
Burban\, , Plant  Magician.  New  York:  Messner, 
1943.) 

8-10.  Individual  or  class  activities. 

11.  See  Canadian  Nature  magazine  or  write 
to  the  Audubon  Society  of  Canada,  181  Jarvis 
Street,  Toronto.  Through  this  society  your 
pupils  may  form  an  Audubon  Junior  Club, 
to  help  them  gain  experience  in  conservation. 

12.  Small  bird  books  are  helpful.  See  Bib- 
liography. 

13.  Class  or  individual  activity. 
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UNIT  JLU.  What  Is  the  History  of  Living  Things? 


Purpose  and  scope 

This  unit  completes  the  study  of  the  earth 
in  the  Discovering  Our  World  series.  At  this 
grade  level,  only  an  elementary  treatment  of 
the  history  of  living  things  is  possible.  Pupils 
should  not  be  expected  to  learn  the  names  and 
the  time  limits  of  the  periods  except  in  a gen- 
eral way.  The  major  understandings  to  be  de- 
veloped are  as  follows:  (1)  Changes  in  living 
things  have  occurred.  (2)  Millions  of  years 
were  required  for  these  changes  to  take  place. 

Like  children,  we  cannot  really  comprehend 
the  vast  expanse  of  time  dealt  with  in  this  unit 
and  in  Unit  3 of  this  book.  We  must  accept 
it  just  as  we  did  the  vast  expanse  of  space  dis- 
cussed in  Unit  7.  Scientists  have  accumulated 
overwhelming  evidence  to  prove  that  the  earth 
must  be  at  least  2 billion  years  old.  Recent  re- 
search on  the  atom  adds  further  evidence  of 
the  earth’s  great  age. 

How  scientists  pieced  together  countless  clues 
of  the  earth’s  dim  past  to  discover  the  history 
of  living  things  is  as  fascinating  as  a detective 
story.  This  unit  explains  some  of  the  methods 
used  by  scientists  to  obtain  evidence  from  pre- 
historic times.  Accordingly,  an  important  func- 
tion of  the  unit  is  to  acquaint  pupils  with  the 
methods  of  scientific  research.  This  should  lead 
to  further  appreciation  of  the  value  of  scien- 
tists’ work. 

As  indicated  in  Science  Background , this 
unit  draws  on  many  preceding  units  of  the 
series.  It  thus  provides  an  excellent  opportunity 
to  apply  and  extend  concepts  previously  taught. 
As  the  study  of  the  unit  progresses,  these  con- 
cepts should  be  recalled,  or  retaught  if  neces- 
sary. 

Science  background 

Loo\  and  Learn:  Unit  1,  Animals;  Unit  3, 
Days  and  Days;  Unit  4,  Outdoors 
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All  Around  Us:  Unit  1,  Animals;  Unit  3, 
Sun,  Wind,  and  Weather;  Unit  4,  Plants 
How  Do  We  Know?:  Unit  1,  Animals;  Unit 
2,  Land  and  Water;  Unit  3,  Plants 
Discovering  Our  World,  Boo\  One:  Unit  1, 
How  Are  the  Things  of  the  World  Put  in 
Groups?  Unit  2,  Why  Do  All  Living  Things 
Need  Air  and  Water?  Unit  8,  How  Do  Ani- 
mals and  Plants  Grow? 

Discovering  Our  World , Boo\  Two:  Unit 

1,  How  Do  Living  Things  Help  and  Harm 
Each  Other?  Unit  8,  Where  Does  All  the 
Food  of  the  World  Come  From? 

Discovering  Our  World,  Boo\  Three:  Unit 

2,  Why  Does  the  Weather  Change?  Unit  3, 
How  Is  the  Earth’s  Surface  Changed?  Unit  7, 
What  Is  the  Universe  Like?  Unit  9,  Where 
Do  New  Plants  and  Animals  Come  From? 

General  concepts 

1.  The  earth  is  very,  very  old. 

2.  Living  things  have  changed  during  mil- 
lions of  years. 

3.  New  kinds  of  living  things  have  appeared 
on  the  earth  as  time  has  gone  by;  other  kinds 
have  disappeared. 

4.  Fossils  show  us  what  living  things  were 
like  long  ago. 

5.  The  study  of  fossils  reveals  changes  in  the 
earth’s  surface,  in  climate,  and  in  living  things. 

6.  The  study  of  fossils  shows  that  living 
things  have  developed  from  simple  forms  to 
more  complex  forms. 

7.  When  changes  in  the  land,  the  water,  the 
temperature,  and  the  climate  occurred  on  the 
earth,  the  animals  and  plants  changed,  too. 

Introducing  the  unit  (Page  271) 

Information  for  the  teacher 

Pictures.  Page  270.  This  picture  shows  sev- 
eral of  the  giant  dinosaurs  that  roamed  the 


earth  during  the  Age  of  Reptiles.  From  left 
to  right  these  are  Triceratops,  an  armor- 
headed herbivorous  dinosaur;  Tyrannosaurus, 
the  fiercest  and  most  powerful  of  the  carnivo- 
rous dinosaurs;  one  of  the  bipedal,  herbivorous 
dinosaurs,  sometimes  called  the  “bird-footed” 
dinosaurs;  another  type  of  horned,  armored 
dinosaur. 

Page  271.  A Devonian  sea  bottom.  See  the 
chart,  page  230  of  this  Guideboo\. 

Procedure 

To  introduce  this  unit,  ask  the  pupils  to  re- 
call from  Unit  3 what  they  learned  about  how 
the  earth’s  surface  has  changed.  Bring  out  the 
length  of  time  that  it  took  for  these  changes 
to  take  place.  Have  the  pupils  read  the  intro- 
ductory section  to  check  on  their  answers. 

Enlarge  on  the  third  paragraph  by  referring 
to  the  picture  on  page  270.  Ask  the  children 
to  look  at  the  picture  carefully  and  tell  how 
the  animals  look  different  from  the  ones  that 
they  see  on  the  earth  today.  Have  the  pupils 
express  any  ideas  that  they  may  have  about 
why  these  animals  no  longer  live  on  the  earth. 
Write  these  ideas  on  the  board  and  keep  the 
list  for  future  reference. 

What  were  living  things  like  long  ago? 
(Pages  271-276) 

Concepts 

1.  The  earth  is  very,  very  old. 

2.  Living  things  have  changed  during  mil- 
lions of  years. 

3.  New  kinds  of  living  things  have  appeared 
on  the  earth  as  time  has  gone  by;  other  kinds 
have  disappeared. 

Information  for  the  teacher 

Pictures.  Page  272.  Left,  animals  of  the  early 
Paleozoic  Era,  500  million  to  400  million  years 
ago.  The  animals  with  the  appendages  that 
look  like  two  feelers  are  Trilobites.  These  ani- 
mals were  the  dominant  animals  during  the 
earliest  of  the  Paleozoic  periods  (the  Cam- 
brian). A bit  later,  the  large,  cone-shaped  ani- 


mals became  the  largest  and  strongest  animals. 
They  were  mollusks  called  Cephalopods.  They 
were  giant  squids  often  nearly  twenty  feet  long 
and  a foot  across.  All  the  animals  of  this  time 
were  invertebrates,  or  animals  without  back- 
bones. Right,  land  flora  of  the  Devonian  pe- 
riod of  the  Paleozoic  Era,  350  million  years  ago. 
The  forests  consisted  of  giant  ferns  and  club 
mosses,  a group  of  plants  closely  related  to  the 
ferns.  The  horsetail  rush  is  a common  present- 
day  member  of  this  group. 

Page  273.  Cycads. 

Page  274.  This  is  Diplodocus,  the  longest  but 
not  the  fiercest  of  the  dinosaurs.  It  had  very 
little  brain  in  relation  to  its  size,  could  not 
fight  well,  and  was  a vegetarian.  (The  skele- 
ton in  the  picture  on  page  277  is  from  one  of 
these  animals.) 

Page  275.  Left.  The  flying  reptile  is  Ptero- 
dactyl. It  had  no  feathers,  and  the  wings  con- 
sisted of  a wide  membrane  that  connected  its 
forelimbs  with  its  knee  and  ankle  joints. 
Right.  The  first  bird  was  called  Archaeopteryx. 
It  had  feathers,  claws  on  its  wings,  and 
sharp  teeth  in  its  jaws.  The  trees  will  be  rec- 
ognized as  cycads.  This  is  the  restoration  of 
the  landscape  as  it  probably  was  in  the  Jurassic 
period  of  the  Mesozoic  Era. 

Page  276.  Mesohippus,  the  second  in  the 
series  of  horses  from  which  the  modern  horse 
developed.  The  first  one,  Eohippus,  was  even 
smaller  than  this,  usually  being  about  the  size 
of  a fox.  These  horses  lived  during  the  early 
part  of  the  Cenozoic  Era,  which  is  the  era  in 
which  warm-blooded  mammals  became  domi- 
nant. It  is  the  era  in  which  we  now  are. 

Text.  Geologic  time  is  divided  into  eras 
which,  in  turn,  are  divided  into  periods.  In 
this  unit  no  attempt  has  been  made  to  present 
the  names  of  the  geologic  eras  or  periods.  It 
is  not  necessary  or  desirable  for  pupils  to  be- 
come involved  with  these  names  at  this  level. 
However,  to  enable  the  teacher  to  obtain  a 
comprehensive  view  of  geologic  history  and  to 
present  the  names  for  reference  purposes,  a 
simplified  table  showing  the  eras  and  the  most 
important  periods  is  given  on  the  next  page. 
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Geologic  Timetable 


Eras 

Periods  and  How  Long 
Ago  They  Began 

Changes  in  the  Land 
of  North  America 

Changes  in  Plants  and 
Animals 

Recent 

( 50,000  years ) 

Glaciers  melted 
Land  high  above  seas 
Climate  warm 

Man  controls  earth 

Many  large  mammals  extinct 

Insects  increasing 

Pleistocene 
( 1 million  ) 

Four  great  ice  sheets  covered  parts 
of  North  America  at  different 
times 

Saber-toothed  tiger,  vultures,  mam- 
moths, etc. 

Early  man  reached  Europe 
Pictures,  pages  278,  279 

N 

S 

Pliocene 
( 12  million ) 

Mountains  in  western  North 
America  continued  to  rise 

Horses,  elephants,  camels  almost 
modern.  Mammals  migrated 

u 

Miocene 
( 30  million ) 

Mountains  began  to  form 
Great  lava  flows  in  northwest 
Climate  cooler 

Mammals  dominated 
Redwood  trees  appeared  in  Cali- 
fornia 

Oligocene 
( 40  million  ) 

Land  lowered  somewhat 
Climate  cooler 

Three-toed  horses  Early  elephants 
Picture,  page  276 

Eocene 

( 59  million ) 

Seas  covered  little  of  land 
Climate  cooler 

Mammals  abundant 
First-known  horse — 4 toes 

Cretaceous 
( 130  million ) 

Rocky  Mts.  formed 

Last  great  spread  of  seas  over  land 

Flowering  plants  appeared 
Dinosaurs  died  out  at  end  of  period 

O 

’o 

N 

O 

Jurassic 

(169  million ) 

Continents  fairly  high 
Shallow  seas  in  western  North 
America 

First  birds  Flying  reptiles 
Dinosaurs  dominant  animal 
Pictures,  pages  270,  274,  275 

3 

s 

Triassic 

(200  million ) 

Continents  not  covered  by  seas 
Climate  dry 

Reptiles  dominated 
Cycads  and  other  gymnosperms 
First  mammals  appeared 
Pictures,  pages  270,  273,  274,  277, 
287 

Permian 

( 235  million  ) 

Appalachian  Mts.  as  high  as  Rock- 
ies are  now 

Reptiles  were  developing 
Gymnosperms  spreading 

Carboniferous 
(315  million ) 

Greatest  coal-forming  period 
Appalachian  Mts.  began  to  form 

Great  coal-forming  forests 
First  insects  First  reptiles 
Pictures,  pages  192,  288,  293 

*o 

N 

O 

JU 

Devonian 
( 350  million ) 

Seas  still  widespread  over  land 
Climate  warm 

Lung-fish  and  first  amphibian 
First  forests  of  fernlike  trees 
Pictures,  pages  271,  272,  282,  286 

Ph 

Silurian 

( 375  million ) 

Seas  still  covered  much  of  North 
America 

First  air-breathing  animals 
First  land  plants 

Ordovician 
( 445  million ) 

Seas  covered  more  than  60%  of 
North  America 

First  fishes 

Greatest  development  of  inverte- 
brates 
Trilobites 

Pictures,  pages  272  (left),  284 

Cambrian 
( 550  million ) 

Seas  across  western  North  America 
Climate  mild 

Proter- 

ozoic 

Upper  Precambrian 
( 1200  million  ) 

Mountains  formed 

Great  lava  eruptions 

Much  sedimentary  rock  formed 

Lime-forming  algae 
Sponges 

Arche- 

ozoic 

Lower  Precambrian 
( 2000  million ) 

Mountains  were  forming  all  over 
the  world 

Much  volcanic  activity 
Seas  small 

Blue-green  algae  Bacteria 
Probably  simple  one-celled  plants 
and  animals 

(See  also  the  summarizing  chart  on  page  290 
of  the  text.)  More  detailed  tables  can  be  found 
in  books  on  historical  geology.  Down  to  Earth 
by  Croneis  and  Krumbein  is  an  especially  help- 
ful text  for  the  teacher.  The  National  Geo- 
graphic Magazine,  February  1942,  has  an  excel- 
lent article,  beautifully  illustrated,  on  “The 
Parade  of  Life  Through  the  Ages.”  Consult  the 
Bibliography  for  further  references. 

Procedure 

The  pupils  will,  of  course,  have  very  little 
accurate  information  about  the  living  things  of 
the  past.  To  give  them  an  idea  of  the  changes 
described  in  the  text,  make  a table  like  the  one 
below.  Have  the  children  read  the  text  down 
to  the  last  paragraph  on  page  275  to  find  out 
what  plants  and  animals  were  like  during  four 
different  periods  of  the  earth’s  history.  When 
they  have  this  general  picture,  start  the  mak- 
ing of  a large  table  on  the  board. 


500  Million  Years  Ago 

350  Million  Years  Ago 

Etc. 

Plants  Animals 

Plants 

Animals 

Ask  the  children  what  four  divisions  they 
could  use  to  show  the  changes  in  living  things. 
They  should  suggest  the  four  periods  given  in 
these  pages.  Then  have  the  children  read  again 
the  section  on  500  million  years  ago  and  look 
at  the  pictures.  Ask  them  what  kinds  of  ani- 
mals and  plants  lived  then  and  write  these  on 
the  table.  Repeat  this  for  each  era  until  the 
table  is  complete. 

After  the  table  is  completed,  have  the  chil- 
dren study  it  to  find  out  what  important  things 
it  shows.  Caution  them  against  picking  out 
small  details.  This  part  of  the  lesson  gives  valu- 
able practice  in  making  generalizations  from 
many  details.  Write  the  children’s  ideas  on  the 
board.  After  they  have  given  their  ideas,  have 
them  read  from  the  last  paragraph  on  page 
275  to  the  end  of  the  problem  to  see  whether 
they  have  given  the  three  important  ideas  listed 
there.  If  not,  ask  the  children  to  tell  how  the 
lists  of  ideas  should  be  corrected. 


Then  have  the  children  look  at  the  table  and 
the  pictures  in  the  text.  Let  them  tell  how  they 
used  these  to  find  the  big  ideas.  For  example, 
for  Idea  No.  1 they  may  say,  “The  chart  be- 
gins at  a time  500  million  years  ago.  That 
shows  that  the  earth  is  very  old.”  For  Idea 
No.  2:  “Trees  were  once  like  ferns.  At  one 
time,  all  plants  lived  in  water.  Mammals  such 
as  horses  were  very  small.”  For  Idea  No.  3: 
“At  first  there  were  no  plants  with  flowers,  but 
now  there  are  many.  Once  there  were  no  mam- 
mals.” Throughout  the  discussion,  the  slow- 
ness of  the  changes  should  be  stressed. 

Questions  (Page  276) 

1.  (1)  The  earth  is  very,  very  old.  Scien- 
tists think  that  it  is  at  least  2 billion  years  old. 
(2)  Living  things  have  changed  during  mil- 
lions of  years.  The  animals  and  plants  of  today 
are  very  different  from  those  of  long  ago.  (3) 
New  kinds  of  living  things  have  appeared  on 
the  earth.  Other  kinds  have  disappeared. 

2.  Page  212,  left:  sponges,  jellyfish,  and 
animals  much  like  snails.  All  of  these  were 
water  animals;  they  lived  500  million  years  ago. 
Plants  in  that  period  were  all  tiny  plants  that 
floated  about  in  the  water.  Page  212,  right : 
350  million  years  ago  you  would  have  seen 
plants  like  these — huge,  treelike  ferns  that  grew 
from  spores.  Flowers  had  not  yet  appeared. 
Page  213:  150  million  years  ago  you  would 
have  seen  trees  called  cycads,  which  looked  like 
palm  trees  and  which  were  one  of  the  first 
kinds  of  plants  to  have  seeds.  Page  214:  150 
million  years  ago,  in  what  is  known  as  the  Age 
of  Reptiles,  you  would  have  seen  huge  dino- 
saurs such  as  these  roaming  the  earth.  Some 
were  100  feet  long  and  weighed  almost  50  tons. 
Page  215,  left:  In  this  same  period  you  would 
have  seen  flying  reptiles  with  long,  pointed 
teeth  and  wings  25  feet  across.  Page  215, 
right:  50  million  years  ago  the  birds  began 
to  look  more  like  the  birds  of  today.  Page 
216:  50  million  years  ago,  horses  began  to 
resemble  our  animals  of  today. 

3.  More.  Plants  changed  from  tiny  water 
plants  to  fernlike  trees,  then  to  trees  with 
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seeds;  and  finally  flowering  plants  appeared. 
Enormous  turtles,  huge  dinosaurs,  and  flying 
reptiles  disappeared  while  other  animals  and 
mammals  similar  to  ours  of  today  took  their 
places.  Early  horses  about  the  size  of  police 
dogs  gradually  became  like  the  horses  of  today. 

How  do  we  know  what  living  things 
were  like  long  ago?  (Pages  277-281) 

Concepts 

1.  Fossils  show  us  what  living  things  were 
like  long  ago. 

2.  There  are  several  kinds  of  fossils. 

Experiment 

Page  280:  To  see  how  fossil  prints  and  molds 
are  made. 

Materials:  Clay,  plaster  of  Paris,  shell  or 
leaf. 

Information  for  the  teacher 

Pictures.  Page  277.  This  is  the  skeleton  of  the 
dinosaur,  Diplodocus,  shown  on  page  274.  This 
skeleton,  which  is  87  feet  long,  is  in  the  United 
States  National  Museum,  Washington,  D.  C. 

Page  278.  Animals  of  the  Rancho  La  Brea 
tar  pits:  vultures,  saber-toothed  tigers,  horses 
in  the  background.  Skeletons  of  mammoths 
and  wolves  were  also  found  in  the  tar  pits. 

Page  279.  Left.  The  picture  of  the  mammoth 
is  a photograph  of  one  of  the  very  few  kinds 
of  large  prehistoric  animals  to  be  preserved  in 
its  entirety.  When  the  mammoths  were  taken 
from  the  ice,  even  the  woolly  skins  were  found 
to  be  preserved  and  in  almost  as  good  condi- 
tion as  fresh  skins. 

Text.  Page  280.  Petrifaction  is  not  an  in- 
stantaneous turning  to  stone  as  the  name  might 
suggest.  It  is  brought  about  slowly  as,  molecule 
by  molecule,  the  materials  in  the  original  or- 
ganism are  replaced  by  the  petrifying  mineral 
(usually  silica)  in  the  ground  water.  Since  the 
materials  are  replaced  so  slowly,  the  original 
shape  of  the  organism  is  retained.  Petrifaction 
occurs  more  often  in  plants  than  in  animals. 
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Procedure 

During  the  study  of  this  problem  and  the 
next  one,  a trip  to  a museum  is  a valuable  ex- 
perience. Many  museums  will  lend  collections 
of  small  fossils,  or  perhaps  someone  in  the 
community  has  a collection  that  can  be  bor- 
rowed. Children  should  be  urged  to  try  to  find 
fossils,  especially  if  the  school  is  near  a gravel 
pit  or  other  likely  source  that  is  known  locally. 
Encourage  pupils  to  take  Saturday  hikes  to 
promising  regions  to  obtain  fossils.  A pile  of 
coal  or  the  debris  from  a strip  coal  mine  often 
contains  fossils.  The  gravel  on  the  playground 
often  contains  small  ones.  Some  pupil  may  be 
able  to  bring  a string  of  amber  beads  to  class 
to  give  the  pupils  a better  idea  of  the  appear- 
ance of  amber.  Such  beads,  if  they  are  genuine, 
often  contain  tiny  specks  that  may  be  the  re- 
mains of  parts  of  insects.  The  fossil  collection 
can  be  supplemented  by  pictures  and  illustrated 
magazine  articles. 

To  introduce  this  problem,  ask  the  children 
to  tell  about  any  experiences  where  they  may 
have  seen  the  remains  of  ancient  plants  or  ani- 
mals. Have  them  look  at  the  picture  on  page 
277  and  tell  what  this  shows  them  about  one 
kind  of  animal  that  lived  long  ago.  After  this 
discussion,  refer  to  the  fossil  fish  on  page  85  and 
make  sure  that  the  class  understands  the  term 
fossil.  Then  have  the  class  read  pages  277-281 
and  study  the  pictures  to  find  out  what  kinds 
of  fossils  there  are.  The  pupils  should  also  do 
the  experiment  on  page  280. 

After  the  pupils  have  looked  at  as  many 
kinds  of  fossils  as  possible  and  at  pictures,  ask 
them  to  list  the  ways  in  which  fossils  are  made. 
If  the  class  has  collected  enough  fossils  or  pic- 
tures, an  exhibit  may  be  arranged  in  which  the 
fossils  are  classified  according  to  the  different 
kinds  on  their  lists.  For  activities,  see  also 
Things  to  Do , page  294,  Nos.  1,  2,  3,  and  4. 

Questions  (Page  281) 

1.  A fossil  is  the  hardened  remains  of  any 
animal  or  plant.  By  preserving  of  the  whole 
animal  in  some  material,  such  as  amber  or  ice; 


by  being  petrified;  by  preserving  bones  in  tar  or 
layers  of  rock;  by  prints  or  molds  in  layers  of 
rock. 

2.  The  animals  and  plants  made  records 
that  scientists  can  read.  By  studying  these  fos- 
sil records,  scientists  can  tell  us  what  these  liv- 
ing things  were  like. 

3.  Plants  often  left  fossil  prints  in  coal.  By 
studying  the  fossil  print,  he  could  tell  us  what 
the  plant  looked  like. 

4.  No,  only  partly  correct.  A fossil  is  not  only 
the  body  of  a dead  plant  or  animal.  It  may  also 
be  only  a part  or  a print.  Or  it  may  be  a mold 
of  the  animal  after  the  body  has  decayed. 

What  have  scientists  discovered  by 
studying  fossils?  (Pages  281-284) 

Concepts 

1.  The  study  of  fossils  reveals  changes  in  the 
earth’s  surface,  in  climate,  and  in  living  things. 

2.  Fossils  were  laid  down  in  layers  of  rock 
that  were  formed,  one  upon  another,  during 
the  earth’s  history. 

Information  for  the  teacher 

The  area  around  the  Red  Deer  Valley  in 
southern  Alberta  is  one  of  the  world’s  richest 
sources  of  fossils. 

Procedure 

This  problem  is  to  bring  out  the  reasons  for 
studying  fossils.  So  that  the  pupils  can  under- 
stand these  reasons,  it  also  makes  clear  how 
scientists  have  been  able  to  determine  that  the 
oldest  layers  of  rock  are  on  the  bottom.  This 
fact  is  the  point  of  reference  from  which  the 
scientists  work  to  establish  the  ages  of  fossils 
and  interpret  the  changes  in  the  earth’s  surface. 
To  open  this  problem,  tell  the  children  that 
thousands  of  dollars  are  spent  each  year  by 
scientists  to  find  fossils.  Ask  the  pupils  if  they 
have  any  ideas  why  scientists  think  that  the 
study  of  fossils  is  so  important.  These  ideas 
should  be  listed  on  the  board. 

Now  have  the  pupils  read  from  page  281 
through  the  second  paragraph  on  page  282  to 


find  more  reasons  why  scientists  study  fossils. 
Let  the  pupils  compare  these  reasons  with  the 
ones  that  they  gave  and  add  to  the  list  on  the 
board.  The  complete  list  should  include:  (1) 
Fossils  show  what  living  things  were  like  long 
ago.  (2)  Fossils  show  us  how  the  surface  of 
the  earth  has  changed.  (3)  Fossils  show  us  how 
the  climate  of  the  earth  has  changed.  (4)  Fos- 
sils show  that  living  things  went  through  many 
changes  before  they  became  the  plants  and  ani- 
mals of  today.  After  these  reasons  have  been 
listed,  the  discussion  should  centre  around  how 
fossils  show  each  of  them.  For  example,  (1)  the 
bones  of  dinosaurs  show  us  what  some  animals 
that  are  no  longer  on  the  earth  looked  like. 
(2)  The  fossils  of  birds  and  reptiles  show  how 
much  these  animals  have  changed.  (3)  The  fos- 
sils of  ferns  where  cold  lands  now  exist  show 
a change  in  climate.  (4)  Fossils  of  water  ani- 
mals in  places  now  dry  show  ancient  seas. 

Then  have  the  pupils  read  the  rest  of  the 
problem  and  look  at  the  pictures  to  find  out 
how  a scientist  knows  that  the  fossils  can  tell 
him  that  the  earth  has  changed.  These  pages 
explain  how  scientists  know  that  the  bottom 
layers  are  the  oldest  layers.  As  the  pupils  read 
these  pages,  have  them  recall  from  Unit  3, 
pages  62-66,  the  way  in  which  rock  layers  are 
formed.  When  the  pupils  understand  how 
scientists  know  that  the  oldest  rock  layers  are 
on  the  bottom,  they  will  understand  that  the 
fossils  found  in  these  rock  layers  are  fossils  of 
the  oldest  living  things.  They  should  also  see 
how  finding  fossils  like  these  oldest  ones  in 
layers  above  newer  ones  shows  that  changes 
have  occurred  in  the  earth’s  surface  at  this  place. 
For  additional  activities,  see  Things  to  Do,  page 
294,  Nos.  5,  9,  10,  and  11. 

Questions  (Page  284) 

1.  Fossils  of  giant  ferns,  cycads,  and  other 
plants  that  grow  in  warm  climates  have  been 
found  in  Greenland;  so  it  must  at  one  time 
have  had  a warm  climate. 

2.  Because  there  have  been  found  in  Alberta 
many  fossils  of  animals  like  those  that  now 
live  in  warm  seas. 
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3.  What  animals  and  plants  were  like  long 
ago  and  where  they  lived;  how  the  earth’s  sur- 
face and  its  climate  changed  at  various  times 
during  the  earth’s  history. 

4.  In  these  places,  the  rock  layers  of  the  earth 
can  be  clearly  seen  and  studied.  In  these  rock 
layers,  scientists  find  the  fossils  of  animals  and 
plants  that  lived  long  ago. 

5.  Water  drained  into  seas  carrying  mud, 
clay,  sand,  etc.,  all  of  which  kept  settling  to  the 
bottom.  Animals  and  plants  died,  settled,  and 
were  covered.  The  material  turned  to  stone, 
and  a layer  of  rock  was  formed.  Each  new 
layer  of  rock  was  formed  in  the  same  way 
on  top  of  the  lower  layer.  So  the  first,  or  bot- 
tom, layer  is  the  oldest.  Often  after  a layer  of 
rock  had  been  formed,  the  land  was  pushed 
up  and  the  water  ran  off.  Then  after  millions 
of  years,  water  again  covered  this  land;  and  a 
new  layer  of  rock  was  slowly  formed  on  top 
of  the  old  layer. 

6.  (a)  The  rock  at  the  top  of  the  mountain 
was  once  under  water.  ( b ) The  desert  was  once 
covered  by  a sea.  (c)  The  far  north  was  once 
under  warm,  salt  water.  ( d ) The  region  once 
had  a warm  climate. 

How  have  animals  and  plants  changed? 
(Pages  285-289) 

Concepts 

1.  The  study  of  fossils  shows  that  living 
things  have  developed  from  simple  forms  to 
more  complex  forms. 

2.  The  complex  forms  of  animals  and  plants 
developed  from  the  simple  forms  during  mil- 
lions of  years. 

Information  for  the  teacher 

Pictures.  Page  285.  Top  row , left  to  right , 
amoeba,  hydra,  coral  polyps,  salamander.  Bot- 
tom row,  left  to  right,  flatworm,  clam,  earth- 
worm, duck.  The  flatworm  (a  planarian)  looks 
almost  as  simple  as  the  amoeba;  but  it  has  a 
head,  digestive  tract,  and  simple  nervous  sys- 
tem, while  the  amoeba  has  none  of  these  parts. 
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Page  286.  A restoration  of  Diplovertebron,  a 
primitive  amphibian  of  the  coal  period. 

Page  287.  The  skeleton  of  an  ichthyosaur. 
The  outline  of  its  body  was  also  preserved  in 
the  rock.  Ichthyosaurs  were  marine  reptiles 
whose  external  structure  closely  resembled 
present-day  dolphins.  They  were  common  in 
the  sea  in  the  Mesozoic  Era. 

Text.  How  these  changes  in  plants  and  ani- 
mals were  brought  about  is  a question  that  will 
probably  be  asked  by  some  inquiring  pupil.  In 
answering  this  question,  the  teacher  should 
avoid  the  implication  that  some  imaginary  be- 
ing, such  as  Father  Time  or  Mother  Nature,  sees 
the  need  for  changes  and  causes  them.  One  the- 
ory advanced  by  scientists  to  explain  changes 
through  the  ages  is  mutation.  A mutation  is  a 
heritable  variation  due  to  a fundamental  change 
in  the  constitution  of  the  germ  plasm,  that  is, 
the  part  of  the  body  in  which  characteristics  are 
transmitted  from  generation  to  generation. 
These  changes  take  place  suddenly  and  may  be 
brought  about  in  various  ways.  As  a result  of 
some  such  change,  an  individual  is  born  with 
a new  characteristic.  In  prehistoric  times,  for 
example,  perhaps  a fish  developed,  by  a muta- 
tion, fins  that  could  be  used  slightly  in  walking. 
A characteristic  like  this  can  be  passed  along 
to  offspring.  As  generations  go  by,  it  is  found 
in  more  and  more  individuals.  If  the  new  char- 
acteristic leads  to  better  adaptation  of  the  indi- 
vidual to  its  environment,  the  new  individuals 
become  the  strongest  and  most  likely  to  survive. 
Meanwhile,  the  new  characteristic  may  develop 
more  fully  from  generation  to  generation.  Fish 
may  develop  legs  and  lungs — still  by  mutation, 
however,  and  not  by  actual  change  in  individ- 
uals during  their  lifetime.  In  this  way,  the 
amphibians  may  have  developed  from  the  fish. 

Procedure 

The  first  part  of  this  problem  develops  the 
meaning  of  the  terms  simple  and  complex.  Use 
the  text  and  the  picture  on  page  285  to  develop 
the  terms.  From  Discovering  Our  World,  Boo\ 
One,  Unit  1,  have  the  pupils  recall  what  they 
learned  about  the  different  groups  of  animals 


and  plants.  When  the  distinction  between  sim- 
ple and  complex  has  been  made  clear,  the  pupils 
should  read  the  rest  of  the  problem,  look  at  the 
pictures,  and  discuss  each  change  thoroughly. 
During  this  reading  and  discussion,  emphasize 
the  slowness  of  the  change  and  the  great  length 
of  time  between  the  laying  down  of  the  differ- 
ent rock  layers.  Continue  the  line  of  reasoning 
about  living  things  begun  in  the  previous  prob- 
lem. This  may  be  summarized  as  follows: 

1.  The  oldest  layers  of  rock  are  at  the  bot- 
tom. Scientists  know  this  because  of  the  way 
the  rock  layers  were  laid  down. 

2.  The  fossils  found  in  the  bottom  layers  are 
the  fossils  of  the  first  living  things. 

3.  The  oldest  fossils,  found  in  the  bottom 
layers,  are  simpler  than  the  ones  found  in  the 
upper  or  newer  layers. 

4.  Therefore,  scientists  believe  that  the  more 
complex  animals  and  plants  have  developed 
from  the  simple  ones. 

When  the  pupils  have  finished  reading  and 
looking  at  the  pictures,  have  them  summarize 
by  making  a list  of  the  important  ideas  pre- 
sented in  this  problem.  The  table  made  at  the 
beginning  of  the  unit,  as  well  as  anything 
learned  from  museum  visits  or  collections  of 
pictures,  may  also  be  used  to  help  make  the  list. 
Pupils’  lists  should  be  made  into  one  list  on  the 
board  and  should  include  these  ideas: 

1.  The  first  animals  and  plants  were  very 
simple. 

2.  Living  things  gradually  became  more 
complex  and  came  to  be  like  those  of  today. 

3.  Animals  developed  in  this  order:  animals 
without  backbones,  fish,  amphibians,  reptiles, 
birds,  and  mammals. 

4.  Plants  developed  from  one-celled  plants 
to  mosses,  then  to  ferns,  and  finally  to  plants 
with  flowers  and  seeds. 

Additional  activities  will  be  found  in  Things 
to  Do,  page  294,  Nos.  6 and  8. 

Questions  (Page  289) 

1.  One-celled  animals.  Because  they  are  the 
simplest  animals.  All  fossil  animals  found 


in  the  oldest  layers  of  rocks  were  simple  ani- 
mals. 

2.  Plants  developed  from  one-celled  to  many- 
celled  plants;  developed  roots,  stems,  leaves, 
and  flowers;  developed  from  mosses  to  ferns, 
from  ferns  to  plants  with  flowers  and  seeds. 

3.  It  means  that  fish  with  backbones  seem 
to  have  developed  from  simple  animals  without 
backbones;  amphibians  from  fish,  and  reptiles 
from  amphibians;  birds  and  mammals  from 
earlier  animals,  possibly  reptiles.  Plants  have 
developed  from  one-celled  plants  to  our  present 
plants  with  flowers  and  seeds. 

4.  They  had  to  develop  lungs  and  legs. 

5.  The  animals  and  plants  scientists  found 
in  the  oldest  layers  of  rock  were  the  simplest;  in 
the  layers  of  rock  above  the  oldest  layers,  they 
found  animals  and  plants  that  were  more 
complex;  fossil  plants  and  animals  are  not  ex- 
actly like  the  plants  and  animals  today;  the 
kinds  of  changes  that  have  taken  place  show 
scientists  that  the  living  things  of  today  prob- 
ably developed  very  slowly  from  plants  and 
animals  of  long  ago. 

6.  Today’s  horses  are  much  larger,  have 
longer  ears  and  heads,  longer  legs,  longer, 
heavier  tails,  and  more  arched  necks  and  backs. 

Why  have  some  kinds  of  living  things 
disappeared  from  the  earth?  (Pages 
291-293) 

Concepts 

When  changes  in  the  land,  the  water,  the 
temperature,  and  the  climate  occurred  on  the 
earth,  the  animals  and  plants  changed,  too. 

a)  The  bodies  of  some  kinds  of  animals 
and  plants  changed  in  ways  that  adapted 
them  to  their  new  surroundings. 

b ) Some  kinds  of  animals  and  plants 
moved  to  new  surroundings  where  they 
could  still  live  unchanged. 

c ) Some  kinds  of  animals  and  plants  died. 

Procedure 

Ask  pupils  to  look  back  through  the  unit  and 
find  pictures  of  animals  and  plants  that  are  no 
longer  found  on  the  earth.  Ask  them  to  think 

UNIT  TEN.  HISTORY  OF  LIVING  THINGS  235 


of  possible  causes  for  the  disappearance  of  these 
and  other  living  things.  What  the  pupils  have 
previously  learned  about  food,  air,  water,  and 
temperature  requirements  for  living  things,  in- 
terrelationships, changes  in  earth’s  surface,  etc., 
should  enable  them  to  have  some  ideas  about 
the  disappearances.  Let  the  children  discuss 
their  ideas  and  then  list  them  on  the  board. 

Now  have  the  children  read  the  problem 
and  study  the  chart  on  page  290  to  see  whether 
they  have  thought  of  the  correct  reasons  and  to 
find  additional  explanations.  Be  sure  to  de- 
velop the  meaning  of  the  word  adapt  on  page 
291.  Compare  the  reasons  for  the  disappearance 
of  plants  and  animals  given  in  the  text  with 
the  list  on  the  board  and  make  necessary  cor- 
rections or  additions.  Compare  them,  too,  with 
the  ideas  expressed  in  the  discussion  of  the 
picture  on  page  270.  For  an  additional  activity, 
see  Things  to  Do,  page  294,  No.  7. 

Questions  (Page  293) 

1.  Their  bodies  may  change  so  that  they  can 
stay  alive  in  their  new  surroundings;  they  can 
move  to  a place  where  they  can  live  without 
changing;  or  they  die. 

2.  Answers  may  include  pictures  on  pages 
270-279,  282,  286,  287. 

3.  Seas  changed  to  land;  land  changed  to  sea; 
land  was  covered  with  ice;  land  lifted  to  moun- 
tains; temperature  changed. 

4.  If  all  the  land  was  covered  with  water 
and  then  the  land  pushed  up  and  the  water 
ran  off,  all  the  water  animals  would  have  to 
become  adapted  to  their  new  surroundings. 
For  example,  fish  developed  fins  like  legs  and 
lungs  as  well  as  gills  so  that  they  could  live  on 
land  as  well  as  in  water.  Water  plants  also 
changed  so  that  they  could  live  on  land  when 
the  seas  disappeared.  If  plants  and  animals 
could  not  adapt  themselves  or  move,  they  died. 

Questions  to  answer  (Page  294) 

1.  Very  few  remains  of  present  plants  and 
animals  are  being  deposited  under  conditions 
in  which  they  will  be  preserved.  The  condi- 
tions that  formed  fossils  no  longer  exist. 
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2.  Because  during  that  age  the  animals 
named  were  the  most  common. 

3.  The  first  birds  had  sharp,  pointed  teeth, 
long,  pointed  tails  with  feathers  along  the  sides, 
and  seem  to  have  been  much  larger  than  our 
robins,  crows,  etc.,  of  today. 

4.  The  earliest  fossils  are  found  in  the  oldest 
rock  layers,  which  are  almost  always  the  bot- 
tom layers. 

5.  The  conditions  of  great  heat  and  force 
under  which  igneous  rocks  are  formed  would 
destroy  the  remains  of  plants  and  animals.  The 
conditions  under  which  sedimentary  rocks  are 
formed  help  preserve  the  remains. 

6.  The  simplest  animals  lived  first.  So  a layer 
containing  only  simple  fossils  is  probably  older 
than  a layer  containing  more  complex  fossils. 

7.  They  may  become  adapted  to  living  on 
land,  find  another  swamp,  or  die. 

Things  to  do  (Page  294) 

1.  See  Bibliography. 

2.  The  text  pictures  and  some  of  the  Bib- 
liography references  will  help  identify  these 
specimens.  Knowing  the  name  of  the  fossil,  the 
pupil  can  find  a description  of  the  habits  of  the 
plant  or  animal.  This  knowledge  may  help  give 
ideas  about  the  former  appearance  of  the  fos- 
sil’s surroundings. 

3.  See  Bibliography. 

4.  Make  sure  that  the  children  see  several 
types  of  fossils,  that  is,  prints  or  molds,  shell 
fossils,  amber  fossils,  skeletons.  If  there  are 
restorations,  such  as  dinosaur  groups,  explain 
that  scientists  have  used  their  knowledge  of 
ancient  animals  to  build  these  representations. 
Be  sure  that  the  children  do  not  think  that  the 
whole  animal  was  preserved. 

5.  See  Bibliography. 

6.  Consult  the  chart  on  page  290  of  the  text 
and  use  the  information  in  the  text  to  help 
make  this  chart. 

7.  Consult  a botany  text  or  an  elementary 
encyclopedia. 

8.  Use  the  pictures  in  the  text  and  references 
in  the  Bibliography. 


9-10.  This  Guidebook^  cannot  give  specific 
information  for  all  regions,  but  the  principles 
learned  in  this  unit  will  apply  to  any  region. 

11.  See  Bibliography  and  consult  encyclope- 
dias. An  excellent  book  about  Agassiz  for 


young  readers  is  Runner  of  the  Mountain  Tops 
by  M.  L.  Robinson.  (See  Bibliography.)  This 
may  be  read  by  interested  readers  in  the  class, 
or  the  teacher  may  use  it  as  a basis  for  telling 
the  story  of  Agassiz. 
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Care  of  Living  Things  in  the  Classroom 


Animals 

General  suggestions.  Quarters.  Provide 
roomy  and  comfortable  quarters  for  every  ani- 
mal— aquaria  and  terraria  (see  below)  for  land 
and  water  forms;  cages  of  screen,  hardware 
cloth,  or  other  material  for  mammals,  insects 
(see  below),  etc.  The  cage  must  be  cleaned 
daily,  or  a diseased  pet  will  result.  The  cage 
should  have  a removable  bottom  for  cleaning, 
and  stationary  containers  for  food  and  water. 
Line  the  cage  with  newspapers  or  other  mate- 
rial that  may  be  destroyed.  Provide  sleeping 
quarters  such  as  straw  or  a comfortable  box. 

Water.  Provide  with  fresh  water  daily.  The 
water  container  in  the  cage  should  be  such  that 
it  will  not  upset  easily. 

Feeding.  Feed  daily.  Most  wild  animals 
must  be  trained  to  eat  in  new  living  quarters. 
Patience  is  necessary.  Try  to  imitate  the  living 
conditions  of  the  animal  as  they  were  in  its 
natural  environment.  Remove  surplus  food 
after  animal  has  eaten.  Provide  plenty  of  food; 
the  animal  will  not  overfeed.  There  is  no  more 
pitiful  spectacle  than  half-starved  animals. 

Delicate  animals  such  as  guinea  pigs  should 
be  fed  twice  daily  and  at  regular  times.  Early 
morning  and  late  evenings  are  best.  On  Fri- 
days provide  enough  to  last  over  Sunday.  Ham- 
sters can  be  fed  at  any  time  and  should  have 
enough  food  so  that  they  can  store  some,  as  is 
their  habit.  Cold-blooded  animals  such  as  frogs, 
lizards,  snakes,  turtles,  etc.,  do  not  require  as 
much  food  as  warm-blooded  animals.  One 
feeding  a day  is  ample.  A large  feeding  every 
other  day  is  sufficient  in  most  cases.  In  aquaria 
do  not  leave  uneaten  food  to  foul  the  water. 


Vary  the  diet  to  prevent  weakness  and  disease. 

The  following  food  list  is  suggested. 

Snails:  Lettuce  leaves,  aquatic  plants,  pow- 
dered meat,  powdered  cuttlefish  bone. 

Fishes:  Prepared  fish  food,  chopped  beef, 
particles  of  earthworms. 

Salamanders  and  lizards:  Flies,  earthworms, 
chopped  beef,  liver. 

Frogs:  Diet  varies  with  kind  of  frog.  In- 
sects, fruit  flies,  roaches,  earthworms,  lar- 
vae, chopped  beef,  very  small  strips  of 
liver,  etc. 

Turtles:  Overripe  fruit,  lettuce,  clover,  car- 
rots, strips  of  liver. 

Sna\es:  Small  frogs,  mice,  lizards,  beef,  liver, 
chicken  scraps. 

Rats  and  mice:  Table  scraps,  cheese,  wheat 
flour  paste  mixed  with  milk,  pinch  of  salt 
and  lime,  dried  yeast,  lean  meat,  lettuce. 

Guinea  pigs  and  rabbits:  Plenty  of  succu- 
lent green  vegetables — at  least  body  weight 
daily.  Carrots,  turnips,  dry  sweet  hay, 
clover,  different  grasses,  dry  grain,  apples 
and  apple  parings,  apple  cores,  pear  peel- 
ings, tomatoes,  water  cress,  wheat  and  oat 
shoots.  (Rabbits  need  twigs  with  bark  for 
gnawing  occasionally.) 

Hamsters:  Grains  such  as  corn,  oats,  wheat, 
or  a mixture  of  these;  nuts  and  other  seeds; 
vegetables  such  as  carrots,  cabbage,  turnips, 
lettuce,  potato,  and  the  leafy  tops  of  vege- 
tables; prepared  dog  or  fox  pellets  to  pro- 
vide protein  and  additional  vitamins.  Ham- 
sters may  be  fed  on  table  scraps  but  need 
a green  leafy  vegetable  or  fruit  parings 
every  day.  Do  not  give  them  soft  foods  such 
as  cooked  potatoes  or  overripe  fruit. 
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The  insect  cage.  Grow  some  plants  from 
seed-corn,  wheat,  clover,  grass,  etc.,  in  a large 
pot  of  earth,  or  transplant  weeds  or  other 
plants  suitable  as  food  for  the  insects  to  be  kept. 
Press  a large  lamp  or  lantern  chimney  into  the 
soil,  fitting  the  plants  inside  it.  A small  con- 
tainer of  water  should  also  be  fitted  inside  the 
chimney.  Place  the  insects  inside  the  chimney 
and  close  the  top  with  wire  screening  or  mos- 
quito netting.  When  the  insects  have  eaten 
the  food  within  the  container,  move  it  to  a new 
pot  of  plants. 

Ant  colonies.  It  is  not  difficult  to  establish 
ant  colonies  for  observation.  The  Lubbock  ant 
nest  is  well  adapted  for  use  in  the  schoolroom 
since  it  shows  all  the  tunnels  and  chambers. 
Such  a nest  may  be  obtained  from  one  of  the 
scientific  supply  houses  listed  on  page  249  of 
this  Guideboo\.  It  is  not  necessary,  however,  to 
purchase  an  observation  ant  nest,  as  one  similar 
to  the  Lubbock  nest  can  easily  be  constructed. 

Obtain  two  pieces  of  glass  about  twelve 
inches  square.  Lay  one  piece  of  glass  flat  on  a 
table  and  glue  one-quarter-inch  strips  of  wood 
around  three  edges,  using  water  glass  or  glass 
cement.  On  the  fourth  side  leave  two  openings. 
(These  openings  may  be  made  by  using  three 
short  pieces  of  wood  instead  of  a long  one. 
Put  one  piece  at  each  end  of  the  fourth  side 
and  one  in  the  middle.  This  will  leave  two 
openings.)  After  the  glue  is  dry,  fill  the  frame 
with  a mixture  of  sifted  loam  and  sand,  leav- 
ing a space  in  the  centre  for  the  ant  colony  and 
spaces  near  the  two  openings  in  the  frame, 
which  are  to  be  plugged  later  to  keep  the  ants 
from  getting  out. 

Ant  colonies  may  be  found  beneath  logs  or 
stones,  or  in  underground  nests  in  gardens  and 
lawns.  When  a colony  has  been  found,  look 
carefully  for  a queen  or  two.  The  queen  can  be 
identified  by  her  large  size.  (The  National 
Geographic  Magazine  for  August  1934  gives 
the  life  of  ants  and  shows  in  pictures  the  dif- 
ferent ant  forms.)  With  a trowel,  scrape  up  a 
queen  and  as  many  of  the  other  ants,  eggs,  and 
larvae  as  possible  and  take  them  home  in  a 


glass  jar  with  a tightly  screwed  lid.  Place  the 
ants  in  the  centre  space  left  in  the  ant  nest. 
Then  glue  on  the  top  piece  of  glass.  In  one  of 
the  holes  in  the  frame  place  a small  sponge, 
which  must  be  kept  wet,  as  ants  cannot  be  left 
without  moisture.  The  other  hole  is  for  food. 
Bind  all  the  edges  with  glass  adhesive  tape. 
Then  plug  the  two  holes  with  removable  stop- 
pers. Feed  the  ants  from  time  to  time,  dropping 
bits  of  meat,  bread,  grains,  sugar,  drops  of 
honey,  and  dried  insects  into  the  food  hole. 
Keep  the  frame  covered  to  exclude  all  light  for 
a day  or  two.  By  then,  the  colony  will  be  estab- 
lished and  can  be  observed. 

The  aquarium.  A square  or  oblong  tank 
aquarium  is  the  best  type  that  can  be  had. 
Lacking  that,  the  ingenious  teacher  will  find 
many  good  substitutes,  such  as  large-mouthed 
battery  jars  and  fruit  jars.  Globes  are  not  as 
desirable  as  other  types,  for  they  distort  the 
appearance  of  animals  and  break  easily.  Thor- 
oughly clean  sand,  natural  objects  that  are 
found  in  streams  (such  as  attractively  colored 
pebbles  that  have  been  shaped  by  water  ac- 
tion), and  the  proper  kinds  of  plants  and  ani- 
mals are  the  materials  necessary  for  stocking 
an  aquarium.  A small  net,  rubber  tubing  for 
a siphon,  and  long-handled  forceps  are  desir- 
able. 

Setting  up  the  aquarium.  Clean  the  con- 
tainer thoroughly.  Put  in  a one-  to  two-inch 
layer  of  clean  sand.  Place  the  aquarium  where 
it  is  to  stay  permanently.  The  most  desirable 
place  is  one  where  it  will  not  receive  much  di- 
rect sunlight,  but  plenty  of  diffused  light,  such 
as  near  a north  window. 

Of  the  plants  desirable  for  the  aquarium,  eel 
grass,  water  milfoil,  pond  weed,  water  cress, 
and  certain  kinds  of  algae  can  be  collected  from 
the  habitat  where  they  are  growing  and  placed 
in  the  tank  to  grow  under  similar  conditions. 
A florist  or  pet  shop  can  furnish  such  cultivated 
varieties  as  vallisneria,  sagittaria,  elodea,  lud- 
wigia,  etc. 

In  arranging  the  plants  and  natural  objects, 
try  to  make  them  resemble  a natural  pond.  An- 


MATERIALS  AND  SOURCES  241 


chor  each  plant  in  the  sand  at  the  bottom  of 
the  aquarium  by  embedding  about  an  inch  of 
the  base  of  the  stem  and  placing  pebbles 
around  the  base.  The  upper  part  of  the  plant 
can  then  be  allowed  to  lie  flat  on  the  sand,  as 
it  will  straighten  to  an  upright  position  when 
the  water  is  put  in. 

Place  a large  piece  of  paper  over  the  plants 
and  the  sand,  and  siphon  the  water  gently  in 
on  top  of  it.  The  paper  will  prevent  displacing 
the  sand  as  the  water  is  poured  in  and  should 
be  removed  when  the  aquarium  has  filled. 
Use  water  from  a spring  or  clear  stream,  as  tap 
water  often  contains  chemicals  that  are  harm- 
ful to  animal  life.  Let  the  aquarium  stand  for 
several  days  until  the  plants  adjust  themselves. 
Then  put  in  the  animals. 

Do  not  overstock  the  tank.  The  fish  rule 
is  one  inch  of  fish  to  one  gallon  of  water.  This 
does  not  include  insects,  tadpoles,  etc.,  the 
number  of  these  depending  upon  the  size  of 
the  aquarium.  An  average  number  of  animals 
for  one  gallon  of  water  is  one  one-inch  fish, 
one  tadpole,  one  snail,  and  several  water  in- 
sects. Goldfish  should  not  be  used  in  a school 
aquarium  unless  native  types  cannot  be  ob- 
tained. Use  familiar  animals  that  have  been 
collected  by  the  children,  if  possible.  Some 
native  fish  that  thrive  in  an  aquarium  are  cat- 
fish, mud  minnows,  sticklebacks,  and  perch. 

Snails  of  the  common  fresh-water  type  are 
desirable  as  scavengers.  Clams  and  fresh-water 
mussels  should  be  used  if  possible.  One  is 
usually  sufficient  for  an  average  tank.  Very 
small  turtles  (one  inch  in  diameter  across  the 
back)  may  be  used.  They  must  be  well  fed 
so  that  they  will  not  disturb  other  animals. 
Rocks  projecting  out  of  the  water  must  be 
provided  for  turtles,  so  that  they  can  get  above 
the  water  to  breathe.  Bullfrog  tadpoles  and 
newts  or  salamanders  may  be  taken  from 
springs  and  streams.  Desirable  insects  are  drag- 
onfly nymphs,  back  swimmers,  water  boatmen, 
water  striders,  and  whirligig  beetles. 

Feeding.  Feed  sparingly,  once  a day  on  the 
average,  and  remove  excess  food  as  soon  as  the 
animals  have  eaten.  Prepared  fish  food  of  sev- 
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eral  types  is  easy  to  use  and  suits  many  animals. 
A worm  suspended  on  a string  is  a good 
change  of  diet.  Small  flies,  water  plants,  and 
other  natural  foods,  noted  by  observing  ani- 
mals’ habits,  should  be  provided.  See  the  food 
list  on  page  240. 

Caution : Watch  the  aquarium  closely.  The 
water  may  have  to  be  changed  often  at  first. 
Do  not  overfeed  animals.  Remove  dead  animals 
and  plants  immediately. 

Plants 

Pots  and  window  boxes.  Temperature.  A 
daytime  temperature  of  65-70  degrees  and  a 
night  temperature  of  55-60  degrees  is  desirable 
in  the  schoolroom  for  normal  plant  growth. 
When  the  outside  temperature  is  excessively 
low,  protect  the  plants  from  freezing  by  plac- 
ing newspapers  between  them  and  the  window- 
panes. 

Water.  Water  the  plants  only  when  they 
need  it — when  the  soil  is  dry.  Enough  water 
should  be  given  at  one  time  to  wet  the  soil  to 
the  bottom  of  the  pots.  Then  wait  until  the  soil 
is  dry  before  watering  again.  Sprinkle  the 
leaves  thoroughly  once  a week  in  order  to 
keep  them  free  of  dust  and  soot  (with  the  ex- 
ception of  African  violets,  whose  leaves  should 
not  be  wet). 

Pests.  Plants  are  frequently  attacked  on  the 
underside  of  the  leaves  by  small  green  lice, 
mealy  bugs,  and  scales,  which  are  lice  with 
hardened  outer  coverings.  To  rid  the  plants 
of  lice  and  mealy  bugs,  wipe  the  under  parts 
of  the  leaves  with  soapy  water  made  with  a 
mild  soap.  Scales  can  be  removed  only  by  using 
a toothpick  or  dull,  pointed  knife  to  lift  them. 
Then  wash  affected  parts  with  soap  solution. 

The  terrarium.  A moisture-tight  container 
such  as  was  used  in  the  aquarium  work  is  best 
suited  to  terrarium  construction.  It  should  be 
either  square  or  rectangular  because  of  the  bet- 
ter view  afforded.  If  the  straight-sided  type 
cannot  be  had,  any  glass  jar  or  container  may 
be  used.  The  larger  ones  are  more  desirable. 
Use  a piece  of  plain  window  glass  for  a cover. 


Almost  any  plant  that  grows  in  the  local  en- 
vironment may  be  raised  successfully  by  simply 
noting  its  growing  conditions  and  reproducing 
them  as  nearly  as  possible  in  the  terrarium. 
Delicate  plants  that  would  die  in  a few  days 
otherwise  may  be  made  to  live  for  long  periods 
in  a properly  regulated  terrarium.  The  secret 
of  success  lies  in  controlling  the  moisture  by 
means  of  a tight  glass  cover.  Plants  which 
require  little  or  no  moisture  may  be  kept  in 
containers  with  screen  covers,  or  with  glass 
covers  and  the  presence  of  little  moisture. 

The  terrarium  should  be  placed  where  it  will 
receive  plenty  of  light  and,  if  possible,  a little 
early  morning  sunlight.  Care  must  be  taken 
that  it  does  not  receive  enough  direct  sunlight 
to  make  the  plants  “scald”  because  of  too  high 
temperatures.  A northeast  window  is  ideal  for 
the  average  terrarium.  The  desert  type  should 
be  placed  where  it  will  receive  plenty  of  sun- 
light for  most  of  the  day.  Place  the  container  in 
the  location  where  it  is  to  stay  and  leave  it,  as 
continual  moving  of  the  container  is  bad  for 
both  plants  and  animals. 

Ordinary  room  temperatures  are  suitable  for 
plants  and  animals  usually  found  in  the  vicin- 
ity. If  the  temperature  of  the  schoolroom  falls 
very  low  over  weekends,  very  little  success  can 
be  expected.  An  average  nightly  temperature 
of  50  degrees  and  a daytime  temperature  of  75 
degrees  will  give  good  results. 

One  of  several  kinds  of  habitats  may  be  es- 
tablished in  the  terrarium,  but  only  a few  of 
the  most  common  types  will  be  discussed  here. 
Establish  first  those  that  match  the  environ- 
ment near  the  school  and  those  with  which  the 
pupils  are  most  familiar.  Then  others  may  be 
established  to  show  different  conditions. 

Woodland  type.  On  top  of  the  usual  layer 
of  sand  and  charcoal,  place  a layer  of  loose,  rich 


humus  from  the  forest  floor.  On  field  trips 
with  the  children,  select  small  plants  that  are 
found  growing  in  the  deep  woods.  Place  in 
this  miniature  woodland  such  animals  as  may 
live  there.  A small  salamander  (land  type)  and 
two  small  toads  will  make  a good  collection. 
A small  snake  may  be  added  if  desired.  Keep 
the  soil  moist,  but  do  not  allow  the  water  to 
stand  for  long  periods  of  time.  Feed  the  ani- 
mals with  small  insects  such  as  house  flies, 
worms,  and  small  strips  of  liver.  Keep  the 
terrarium  covered  with  glass.  Set  the  terrarium 
in  a shaded  place  so  as  to  exclude  most  direct 
rays  of  sunlight. 

Marsh  type.  Place  a layer  of  gravel  on  a 
slope,  so  that  it  will  be  about  four  inches  high 
at  one  end  and  about  one  inch  at  the  other. 
Cover  this  layer  with  rich,  moist  earth  from  a 
bog.  Put  in  plants  that  require  much  moisture 
— mosses  (sphagnum  is  good),  small  clumps  of 
marsh  grass,  and  similar  plants.  Place  water 
plants  (see  directions  for  aquarium),  and  put 
about  two  inches  of  water  in  the  lower  end. 
Animals  such  as  small  turtles,  a small  fish 
or  two,  a tadpole,  small  frogs,  etc.,  will  com- 
plete the  animal  life.  Feed  as  directed  on  page 
240  and  keep  covered. 

Desert  type.  Construct  this  type  of  ter- 
rarium when  a study  of  conditions  prevailing 
in  very  dry  countries  is  desirable.  Use  coarse 
gravel  covered  with  sand  as  a base.  Place  small 
cactus  plants  of  various  types  in  natural  posi- 
tions. Cover  the  roots  completely.  Water  very 
sparingly  once  every  two  or  three  weeks,  as  the 
plants  tend  to  decay  if  watered  too  often.  In 
your  terrarium  you  may  keep  a small  snake 
of  any  species  that  inhabits  dry  areas,  but 
remember  to  keep  a small  pan  of  fresh  water 
in  one  corner.  Feed  as  directed  on  page  240. 
Cover  the  terrarium  with  screen  wire. 
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List  of  Materials  for  Book  One 


The  materials  needed  for  the  experiments  and  observations  described  in  Boo\  One  are 
listed  below.  Many  of  the  items  may  be  brought  from  home  by  the  pupils.  Some  may  be  bor- 
rowed from  upper-grade  science  rooms.  Others  may  be  bought  locally  in  ten-cent  stores,  drug 
stores,  hardware  stores,  pet  shops,  feed  stores,  florist  shops,  greenhouses,  etc.  It  may  be  necessary 
to  order  a few  items  from  supply  houses.  These  items  are  printed  in  heavy  black  type.  The 
names  and  addresses  of  the  supply  houses  are  given  on  page  249. 


QUANTITY 

ITEM 

QUANTITY 

ITEM 

1 

Aquarium  or  large  glass  jar 

- 

Iron,  small  pieces 

1 

Ball,  rubber  (size  of  tennis  ball) 

1 box 

Iron  tacks 

6 dozen 

Bean  seeds 

1 

Key,  brass 

1 sheet 

Blotting  paper 

1 

Knife 

1 

Boat,  toy 

1 

Knitting  needle,  steel 

__ 

Bones  or  skull  of  animals 

1 

Larva  or  chrysalis  of  a butterfly 

1 

Box,  small  cardboard  (about  3 inches 

(Monarch,  if  possible) 

deep) 

1 

Larva  or  cocoon  of  a moth 

1 

Box  or  cage,  for  larva 

(Cecropia,  if  possible) 

1 

Bunsen  burner  or  source  of  heat 

2 

Magnets,  bar,  marked  N and  S 

Several 

Cardboard,  large  pieces 

2 

Magnets,  horseshoe,  marked  N and  S 

1 

Celery  stalk 

1 

Magnet,  U,  unmarked 

2 yards 

Cloth 

2 

Magnets,  U,  marked  N and  S 

_ 

Coins:  1 quarter  or  half  dollar;  1 cop- 

1 

Magnifying  glass 

per  penny;  1 silver  dime 

1 dozen 

Nails,  iron 

1 

Compass,  with  colored  needle 

Several 

Needles,  small 

1 

Cork 

1 

Orange 

1 

Cork,  flat  piece 

1 

Pan,  deep 

2 handfuls 

Corn  seeds 

- 

Paper,  scraps  of 

1 

Cornstalk 

1 

Paper  bag 

1 

Cup,  metal 

1 box 

Paper  clips,  steel 

1 

Darning  needle,  large  steel 

1 

Pen 

1 

Dish,  shallow 

Several 

Pen  points 

1 

Eraser,  rubber 

- 

Pins 

1 

Flashlight 

4 

Plants,  potted,  small  geranium 

1 

Flower  pot,  small,  unpainted 

1 pr. 

Pliers 

Food  for  larva 

1 

Rubber  band 

Frog  or  toad  eggs 

1 

Rubber  stopper  (to  fit  hole  in  small 

1 

Glass  (tumbler) 

flower  pot) 

1 

Glass  object 

1 

Ruler 

1 piece 

Glass,  window  pane 

- 

Salt 

1 

Globe 

- 

Sand 

Ice,  cracked 

- 

Sawdust,  box  of 

1 bottle 

Ink,  red 

- 

Sealing  wax  (or  paraffin) 

1 bottle 

Ink,  waterproof  black 

- 

Soil,  box  about  4 inches  deep; 

- 

Iron  filings 

2 boxes  about  2 feet  square 
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QUANTITY 

ITEM 

QUANTITY 

ITEM 

1 

Stand,  wooden 

- 

Vaseline 

- 

Steel,  small  pieces  of 

1 piece 

Wire,  stiff,  1 foot  long 

1-2  yards 

String  or  twine 

2 pieces 

Wire  screen 

1 teaspoon 

Sugar 

- 

Wood,  pieces  sawed  to  show  the 

Several 

Tadpoles 

cross  section  of  a tree  trunk 

1 

Top 

Several 

Wood,  small  pieces 

- 

Twigs,  large,  without  leaves  (horse 

I doz. 

Wooden  sticks,  small,  flat,  for  plant 

chestnut,  cottonwood  suggested) 

labels 

1 

Umbrella,  dark  colored 

1 

Yardstick 

List  of  Materials  for  Book  Two 


The  materials  needed  for  the  experiments  and  observations  described  in  Boo\  Two  are 
listed  below.  Many  of  the  items  may  be  brought  from  home  by  the  pupils.  Some  may  be  bor- 
rowed from  upper-grade  science  rooms.  Others  may  be  bought  locally  in  ten-cent  stores,  drug 
stores,  hardware  stores,  pet  shops,  feed  stores,  florist  shops,  greenhouses,  etc.  It  may  be  necessary 
to  order  a few  items  from  supply  houses.  These  items  are  printed  in  heavy  black  type. 


QUANTITY 

ITEM 

QUANTITY 

ITEM 

— 

Acids:  1 cup  vinegar,  1 lemon 

1 

Chicken  bone,  slender 

1 tbs. 

Alcohol 

1 

Clamp,  metal  screw-type 

1 piece 

Aluminum 

1 cup 

Clay 

1 

Auger 

4 pieces 

Cloth  (about  6-8  inches  square) 

Spoonful 

Baking  powder 

1 quart 

Container  that  can  be  heated 

2 tsp. 

Baking  soda 

50  feet 

Cord,  strong 

1 

Balloon,  toy  rubber 

1 

Cork  (to  fit  test  tube) 

1 

Basketball  or  volleyball 

1 

Crowbar  or  strong  wooden  stick 

1 

Bicycle  pump 

3 

Dishes:  2 shallow,  1 to  be  heated 

1 piece 

Blotting  paper 

2 

Dry  cells 

8 

Boards:  2— any  size;  1 — thin,  2 feet 

1 

Egg  beater 

long;  1 — 3 feet  long,  3 inches 

— 

Elements:  iron,  copper,  lead,  etc. 

wide;  1 — -smooth,  4 feet  long,  6 

1 

Ferris  wheel,  toy 

inches  wide;  1 — 8 feet  long,  6 

Vz  cup 

Fertilizer 

inches  wide;  1 — 1 inch  thick,  6 

1 

Flour  sieve 

inches  wide;  1 about  1 foot  long 

4 

Flower  pots,  2 of  them  alike 

1 

Bottle,  small-mouthed 

— 

Food  for  rats 

2 

Boxes,  small,  same  size 

— 

Foods  containing  fats 

1 

Box,  wooden  (larger  than  chalk  box) 

— 

Foods  containing  starch 

4 slices 

Bread,  each  fresh 

4 pieces 

Glass:  1 — 6 by  12  inches,  1 — 6 inch 

1 

Bunsen  burner  (or  other  heat) 

square 

1 piece 

Butter 

1 foot 

Glass  tubing  to  fit  hole  in  cork 

2 or  more 

Cages  for  rats 

6 

Glasses  (tumblers) 

4 

Candles  (2  inches  high),  1 paraffin 

1 

Hammer  with  tack  puller 

2 pieces 

Cardboard:  1 — 6 inches  square,  1— 

— 

Honeycomb 

V/z  feet  by  8 inches 

2 

Hooks  or  nails 

1 stalk 

Celery  with  several  leaves 

_ 

Ice  or  other  means  of  cooling 
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QUANTITY 

ITEM 

QUANTITY 

ITEM 

1 bottle 

Ink,  red 

4 

Rats,  white  (same  age  and  size) 

Few  drops 

Iodine 

1 tsp. 

Salt 

Spoonful 

Iron  filings 

Small  box 

Sand 

Spoonful 

Iron,  powdered 

1 

Saw 

Piece 

Iron,  rusty 

1 tsp. 

Sawdust,  coarse 

5 

Jars,  glass:  2 with  covers 

1 

Scales 

1 

Knife 

1 

Scissors 

3 

Lamp  chimneys 

1 

Screw  eye 

1 cup 

Limewater 

2 doz. 

Seeds,  1 doz.  bean  or  radish 

Strips 

Litmus  paper,  blue 

1 sq.  ft. 

Sod,  dry 

2 

Magnets,  bar 

3-4  quarts 

Soil,  1 cup  loam 

1 

Magnifying  glass 

2 

Spools,  strong 

1 box 

Matches 

1 

Spring  balance 

2 pieces 

Metal,  thin  and  flat 

1 tsp. 

Starch 

1 doz. 

Metal  balls  or  shot 

1 

Stopper  with  hole  in  centre 

2 quarts 

Milk 

1 

Strainer 

1 

Motor,  toy 

6 feet 

String,  medium  heavy 

2 doz. 

Nails:  2 small,  several  small  iron, 

2 tbs. 

Sugar 

1 doz.  medium,  1 large 

2 tbs. 

Sulphur,  powdered 

Few  drops 

Oil  or  grease 

2 

Supports  (about  1 foot  high) 

1 

Orange 

1 box 

Tacks 

1 

Orange  squeezer 

1 

Test-tube  holder 

1 

Pail  or  basket 

3 

Test  tubes 

4 

Pans:  2 just  alike,  1 iron,  1 flat 

2 

Thermometers 

1 piece 

Paraffin 

1 

Wagon,  toy 

1 doz. 

Pencils,  round 

Several 

Weights:  stones,  sand,  books,  etc. 

1 

Penny  or  other  coin 

6 feet 

Wire,  copper  (3  feet  covered) 

About  10 

Plants:  2 the  same  size,  2 the  same 

30  pieces 

Wood:  2 rough;  2 smooth;  3 narrow, 

size  and  kind,  1 with  aphids,  sev- 

for water  wheel  and  for  support; 

eral  with  different  kinds  of  roots 

3 small,  to  make  pulley;  3 for 

2 

Pulley  blocks  (with  2 wheels) 

wheel  and  axle;  1,  3-sided  block 

2 

Pulleys 

2 inches  high;  12  splinters 

List  of  Materials  for  Book  Three 


The  materials  needed  for  the  experiments  and  observations  described  in  Boo\  Three  are 
listed  below.  Many  of  the  items  may  be  brought  from  home  by  the  pupils.  Some  may  be  borrowed 
from  upper-grade  science  rooms.  Others  may  be  bought  locally  in  ten-cent  stores,  drug  stores,  hard- 
ware stores,  pet  shops,  feed  stores,  florist  shops,  greenhouses,  etc.  It  may  be  necessary  to  order  a 
few  items  from  supply  houses.  These  items  are  printed  in  heavy  black  type.  The  names  and 
addresses  of  the  supply  houses  are  given  on  page  249. 


QUANTITY  ITEM 

QUANTITY 

ITEM 

— Agar,  nutrient  or  potato 

2 

Balls:  1 small,  1 large  (or  use  globe) 

— Algae 

1 

Battery,  storage 

1 Balloon,  toy 

1 

Begonia  plant 
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QUANTITY 

ITEM 

QUANTITY 

ITEM 

1 

Bell,  small  electric 

1 

Magnifying  glass 

Piece 

Blotting  paper 

1 

Microscope  (optional) 

3 

Boxes:  1 chalk,  2 small  wood  open 

1 

Megaphone  or  piece  of  cardboard 

at  one  end 

Few  drops 

Milk 

Slice 

Bread 

3 

Mirrors:  2 small,  1 large 

1 

Bucket 

1 

Motor,  toy  electric,  with  place  for 

1 or  more 

Bulbs,  flower 

attaching  color  wheel  (optional) 

1 

Candle 

2 or  3 

Mushrooms 

2 pieces 

Cardboard,  smooth  glossy  white 

Several 

Nails,  small 

1 

Cardboard  tube  (for  periscope) 

1 

Nail  or  bolt,  large 

Few  pieces 

Cellophane,  red,  blue,  green 

1 

Needle  and  thread 

2 cups 

Clay 

1 

Onion  bulb 

2 yards 

Cloth,  1 white,  1 dark 

1 

Oven,  hot  for  baking  petri  dishes 

2 

Coins:  1 penny,  1 half  dollar 

1 

Pan  (to  hold  3-4  inches  of  water  and 

1 strip 

Copper  ( 1 inch  wide,  5 inches  long) 

6 test  tubes) 

1 

Cord  for  electric  iron 

Few  pieces 

Paper,  red,  blue,  and  green  (or  cray- 

2  pieces 

Cork:  1 to  fit  test  tube,  1 smaller 

ons  to  color  white  paper) 

6 wads 

Cotton  (to  plug  test  tubes) 

Several 

Paper,  sheets  of  white 

1 

Cup,  metal 

Piece 

Paper,  brown  wrapping  (large 

3 

Dishes  ( 1 to  grow  flower  bulb) 

enough  to  cover  a window) 

3 

Dry  cells:  2 new,  1 worn-out  (No. 

Pieces 

Paper,  gummed  (for  labels  and  for 

6 if  possible) 

sealing  Petri  dishes) 

1 

Electromagnet 

1 dish 

Pebbles 

1 

Fan,  small  electric 

6 

Petri  dishes 

1 

Flashlight 

1 

Piano 

Several 

Flowers  that  show  parts 

1 cup 

Plaster  of  Paris 

1 

Flute 

1 

Pole,  window  (or  other  long) 

1 or  more 

Flies,  living 

— 

Pollen  on  blossoms 

1 

Fuse,  plug-type 

1 

Potato,  white 

4 

Glasses  (tumblers):  1 thin,  2 thick, 

1 

Prism 

1 any  size 

1 

Push  button,  electric 

4 

Glass  jars  or  bottles:  2 small  just 

— 

Refrigeration  or  means  of  freezing 

alike,  1 tall  with  large  mouth,  1 

water 

with  screw  top 

6 

Rubber  bands:  3 same  length  and 

1 

Glass  tube 

width,  3 same  length  but  different 

1 

Glass  U-tube 

widths,  1 very  strong  (or  elastic) 

1 

Glider,  toy,  or  model  airplane 

1 

Ruler 

2 cups 

Gravel,  clean 

— 

Sand:  enough  to  fill  sand  box;  some 

— 

Heat,  source  of 

of  it  coarse 

1 cup 

Ice,  chipped 

1 

Sand  table  or  sand  box 

1 

Iron,  electric  (old,  worn-out) 

1 

Saw 

1 

Ivy  plant  and/or  willow,  grape, 

1 

Saxophone 

geranium,  poplar 

1 

Screen  or  white  wall  for  use  with 

1 

Knife,  sharp 

projector 

1 

Lamp  chimney 

Piece 

Screening,  wire 

2 

Leaves,  each  fresh 

6 

Screws 

3 

Light  bulbs,  2 small  electric,  1 used 

1 

Shell 

Pieces 

Magnetic  and  non-magnetic  mater- 

Several 

Slides 

ials 

1 

Slide  projector  (optional) 

3 

Magnets:  2 bar,  1 horseshoe 

1 

Socket,  small  electric 

MATERIALS  AND  SOURCES  247 


QUANTITY 

ITEM 

QUANTITY 

ITEM 

Handful 

Soil 

— 

Twigs 

3 

Spools 

1 

Violin 

1 

Stick  with  rubber  stopper  or  cork  at 

1 

Watch 

one  end 

1 bucket 

Water 

2 feet 

String 

1 glass 

Water,  muddy 

1 tsp. 

Sugar 

— 

Weather  reports  (newspaper  and 

2 tbs. 

Sulphuric  acid 

radio) 

2 

Supports:  1 for  bar  magnet,  1 for 

2-3  feet 

Wire,  bare  copper 

reading  glass 

2-3  feet 

Wire,  covered  copper 

Handful 

Tacks,  iron  or  steel 

1 piece 

Wire,  iron  (short) 

8 

Test  tubes  of  same  size 

Block 

Wood  (about  6 inches  long) 

1 

Test-tube  rack 

2 pieces 

Wood,  soft  (about  8 x 8 x '/2  inches) 

1 

Thermometer 

1 

Xylophone,  toy  (with  bars  that  vary 

2 strips 

Tin,  % inch  wide,  4 inches  long 

in  length  and  width) 

1 strip 

Tin  foil  (about  4-5  inches) 

1 

Yardstick 

1 

Triangle 

1 

Yeast  cake 

2 

Tuning  forks,  small,  alike 

1 strip 

Zinc  (1  inch  wide,  5 inches  long) 
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Supply  Houses 


Biological  Supply  Company,  1176  Mt.  Hope  Avenue,  Rochester  7,  New  York,  U.S.A. 
Boreal  Biological  Laboratory,  1485  Queen  Elizabeth  Way,  Port  Credit,  Ontario. 

Central  Scientific  Company,  146  Kendal  Street,  Toronto,  Ontario. 

General  Biological  Supply  House,  8200  South  Hayne  Avenue,  Chicago  20,  Illinois,  U.S.A. 
North  West  Biological  Enterprises,  935  Richmond  Avenue,  Victoria,  British  Columbia. 
Troyer  Natural  Science  Service,  Oak  Ridges,  Ontario. 


Audio-Visual  Aids 


Associated  Screen  News,  2000  Northcliffe  Avenue,  Montreal  28,  Quebec. 

Audio-Visual  Associates,  61  Charles  Street  West,  Toronto,  Ontario. 

General  Films  Limited,  16  Breadalbane  Street,  Toronto,  Ontario. 

General  Films  Limited,  Regina,  Saskatchewan. 

McGraw-Hill  Company  of  Canada  Limited,  253  Spadina  Road,  Toronto,  Ontario. 

Montreal  Standard,  Montreal,  Quebec. 

National  Film  Board,  71  Bank  Street,  Ottawa,  Ontario. 

J.  Arthur  Rank  Film  Distributors,  277  Victoria  Street,  Toronto,  Ontario. 

Ryerson  Film  Service,  299  Queen  Street  West,  Toronto,  Ontario. 

United  Kingdom  Information  Office,  275  Albert  Street,  Ottawa,  Ontario. 

The  public  school  systems  of  several  large  cities  and  some  of  the  provincial  departments 
of  education  also  have  audio-visual  departments  which  maintain  film  libraries. 
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